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ABSTRACT This document is the compilation of 50 reviews of 

selected articles, published between 1966-1970, pertaining to the 
relationship between malnutrition and potential to learn. The 
materials represent a relatively complete cross-section of the 
information available on this subject. There are three recurring 
themes in the publications reviewed. (1) If significant malnutrition 
occurs during critical periods of rapid brain cell multiplication, 
the number of cells produced is reduced. The cell deficiency is 
irreversible regardless of subsequent nutritional sufficiency. 

Non- nutritional environmental factors may influence mtersensory 
organization during periods of rapid development in a similar manner 
and might be more specifically described as the deprivation of 
positive perceived stimuli. (3) It seems that in the near future gome 
governmental institution will assume major proportions ° _ __ _ f 

responsibility for a broad spectrum of children between th- ages of 
0-5 years. Since educators and educational institutions wil share 
these responsibilities, the importance of all aspec' irance 

will become a paramount consideration. (Author/AJ) 
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The accompanying materials include some lie ay reviews ou ucl.c .. d 
pertaining to the relationship between malnutrition and potential to learn. In 
each case the reviewed article was published within the time span from 1966- 1970. 
Although these materials are not entirely exhaustive of those available, they do rep- 
resent a very broad and relatively complete cross-section. 

There are several messages to educators which emerge repeatedly in these 
publications. These might be summarised in the following manner; (D During the 
'pVsical development of the brain specific periods of rapid cell multiplication for 
various areas of the brain may be identified. If significant malnutrition occurs 
^during these critical growth periods the number of cells produced is reduced, in a 
degree corresponding to the severity of the malnutrition, and this reduction is 
irreversible regardless of subsequent nutritional sufficiency. This cellular 
deprivation appears to qualitatively influence the neurointegrative functioning 
potential of the brain. (2) Non-nutritional environmental factors may influence 
fil intersensory organisation, during periods of rapid development, in a manner very 
similar to this and might be more specifically described as the deprivation of 
positive perceived stimuli. (3) The legislative barometer strongly suggests that 
in a relatively near future some governmental insitution or institutions will assume 
major proportions of responsibility for a broad spectrum of children within the age 
range of 0-5. It is reasonable to assume that education and educational institutions 
wiU b. seen as the logical recipient of a significant share of these new respon- 
sibilities. The importance of all aspects of nurturance, in this new setting, will 
become 3 paramount consideration* 

Several words of caution might reasonably be mentioned prior to reading the 
reviews; first, authors whose research are qualitatively commensurate to Cravioto, 
Winick and Gyorgy (to mention buta few) should not be reviewed. For those interested 
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•? n tho area of malnutrition and learning, complete reading Is a must; and secondly, 
it will be noted that the quantity of data directly related to human experimentation 
is in very short supply. Extrapolation from animal experiments particularly in view 
of lack of uniformity in performance assessment leaves much to be desired. 
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^belson, P# H# ,, Halnut#ri‘Lion^ Learning^ 
p© 17* April* 1969 © 

Children reared in poverty tend to do poorly on tests of intelligence. 

This is in part due to psychological and cultural factors but to a great ex- 
tent it is the result of malnutrition in early childhood. It appears that 
millions of children in developing countries are experiencing some degree o. 
retardation in learning because of inadequate nutrition and may also be occuring 

In the United States© 

It is difficult* to assess soley the dietary deficiencies in man buo studies 
on animals and observations in developing countries provide substantial evidence. 
Animal experiments suggest that good nutrition during the firsu three years 

of life for humans is particularly important.. 

Usually lack of animal protein which contains the essential amino acids is 
the most serious problem. Even ir the .United States many who have adequate 
oric intake primarily from low-cost foods may be mainour ished . Ahis has 
r.»e-come of increasing concern to the federal government. 

Desirable objectives of the United States food program ares 1. no one 
must go hungry; 2. hunger or malnutrition must not be a deterrent to economic 
development; and 3. the American diet must provide for optimum health through- 
out life. 

Enough food can be provided but the consumer must choose to eat nourish- 
ing foods. This can in part be met by enriching commercial food products. In 
some areas, supplementary food packages are federally distributed to new and 
expectant mothers but a general education in the basic principles of nutrition 
is needed for continuing effort to assure that on one, especially no infant* fails 
to develop properly because of malnutrition. . 
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Though brief;, this article is of particular interest because oj. j-w 
direct concern with malnutrition in -due United States. The differentiation 
expressed between malnutrition due to inavailability of food in general ana 
malnutrition due to choice of food is particulars important in this country 
where children are more likely to be malnourished due to the lack of neeaed 
nutrients in inexpensive and convenient foods purchased by the parents. 
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Anonymous „ "Malnutrition and Physical and Mental Development" Nutriti on Revie w. 

Vol. 28, ?. 176-177 p July, 1970. 

Numerous studies have attempted to relate undernutrition during 
life to later physical and mental development* 

Retrospective studies define children who have seen malnutritioned as 
compared to those who were not* (Stoeh and Sraythe, Cabak and Najdanvic) They 
are able to use large numbers of subjects in a relatively short time bu* con- 
tain a poor definition of the nutritional state during the critical period being 
examined. Controls must also be selected on the basis of nutritional history 
and may in themselves have been inadequately nourished (Carrot* and Pike). 

Prospective studies have fewer children but are evaluated nutritionally 
by the investigation (Cravioto and Robles). This offers better nutritional 
information and selection of controls at the time the study population is defined. 

■ Both types of investigations suggest that under nutrition in early childhood 
may be associated with reduced height, cranial circumference, and motor and 
sensory development. Data suggests that in infants malnutrition unaer six 
months of age, impairment was most ms bred and recovery least likely. 

•Chase and Martin have attempted to study this problem in Denver, Colorado.- 
They used the retrospective technique accompanied by it deficiencies. o.hey 
found differences in weight, height and cranial circumference with children 
malhourished for more than four months. Even though this study has iuS a. laws, 
it does point out that in. the United States between 1965 and 1970, we have 
a large number of* in£uTibs at risk* 






This auth. attempts to portray an unbiased appraisal of the studies 
considered. Of particular interest is the Colorado study, since little research 
in the area is available pertaining to, the United States. 
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Anonymous "Mental Development Following Kwashiorkor" Nutriti o n Reviews V . 7> 

p. ho-UF, February, l'?69o 

There has beer, a reduction in the mortality from kwashiorkor and nutritional 
marasmus in many countries due to batter treatment and a realisation by the pop- 
ulation that these diseases can be cured. As a result, there are many and an 
increasing number of children who have beer, cured and have lived to senool a^e. 
However, to be separately considered are the huge number of persons who are 
survivors of mild to moderate degrees of protein-calorie malnutrition. 

The most important studies to date on the effects of protein-calorie mal- 
nutrition in children on subsequent mental development have come from Africa, 

(Stock and Smythe) and Latin America (Cravioto and Robles). A study has also 

been completed in India (Chsmpakam, Srikar.tia and C-opalan.) 

An assessment of mental development is difficult in areas such as India 
where instruments used for mental functioning in one culture are not applicable 
in a different culture. Thus an essential part of the work consisted of the 
selection, standardisation and validation of psychological tests. Although the 
children were school age, written and verbal tests were ruled out. Items were 
chosen to test different mental functions such as reasoning, organisation of 
knowledge, memory and different perceptual processes. The authors go to great 
h lengths to match children. The results show statistically significant differences 
in several parameters which makes these differences particularly impressive. _ 

The differences are especially marked in the youngest age group. The experimental 
children were more retarded . in their perceptual and abstract ability than in their 
memory and verbal ability. They also scored more poorly in their performance 
on intersensory tests than did the control children. The mean heights and weights 
of the kwashiorker children were lower in every age group and in both sexes than 
the .controls. This contrasts with the study of Stock and Smythe who found no 
difference in head circumference. This Indian study is important because it 
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indicates marked differences in mental function between children who have suffered 
from kwashiorkor compared with those from the same community* who have noo» ihese 
differences are wider than in most studies and exist 6 or more years after treat- 
ment of the disease where. as work done in Mexico indicates mental recovery within 
a few months of clinical recovery# 

A word of caution is necessary when drawing conclusions as there may be 
independent variables which act to produce both malnutrition and low intellegence, 
such as the hospitalization period of the experimental children* motivation Ox 
'R) the parents * parental care and infectuous diseases# 

High oriority should be given to studies which separate the nutritional 
variable foom genetic factors and environmental variables# 
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The author suggests further study which eliminates other factors excepo 
malnutrition which may be affecting the results oi researen regarding the 
connection between the two# It is improbable that this can be done as it is 
p^jV important to maintain a humanistic approach to the study of man# We can*t 

conduct studies with humans using anxmal research methods which is the only way* 
to date* for assuring no contamination of the study# Equally as important is 
the fact that if* in deed* malnutrition and environment are co-causes for the 
result of lower mental development* the two. will have to be dealt with as 
inseparable# \ • ,i " *' ' \ 
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Anonymous "Pro-school Child. Malnutrition: Primary Deterrent to Human Pro^ru^- 
feSfS. Sc! i Natl. Ses. Council. Publ. 1282. Ch. VH» Washington D. C., 

1966. 
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General Summary; 

The International Conference on Prevention of Malnutrition in the Pre-school 
Child established that: (1) Pre-school malnutrition is basically responsible for 
early deaths of millions of children, (i.a.) The fetus does have first priority 
on the mother's resources and will achieve normal biruh weight and normal devel 
opment at the expense ' of the moth - ■ is between the ages of one to four 
years that children in developing eour.uries have a mortality rate 50-60 times 
higher than u.-.ose in technically ad'-a:.oed areas. (2„) Ox xaese who survive,, 
pre-school malnutrition permanently impairs physical growth and probably cause., 
irreversible mental and emotional damage. (2,s») Conditions such as apathy, 
inattention and purposeless movements occur during the acute episode of protein 
calorie malnutrition is without question, but it is uncertain whether mental . 
ability, capacity, and behavior are irrevocably adversely axfected. However 
the possibility is predicted due to the great dependancy of the brain upon protein 
synthesis and protein deficiency in experimental infant animals, has snown ir-' • : 

37 eve 2 *sibXo. brain darriage* ■ 

Major specific physical deficiencies and current programs for combatting 

childhood malnutrition and practical measures for improvement are summarized. 

The problems of malnutrition in the pre-school child are aggravated chwu-fly by 
three circumstances : ' (1) Mothers do not know what to feed their children to 
maintain normal growth and development. The conspicuous effects of malnutrition ■ 
are attributed to other causes. They do not understand that small children need 
generous amounts of foods supplying high-quality proteins. (2) Many lamines 
cannot afford to buy the food required by children. Even if good foods are in . 



O 

ERIC 



12 






2 



their hands, they are traded or sold for thins* desired by the adults. ( 3 ) XU- 
advised crop practices, emphasis or. the raising nor.-xood cash crops, leer, 
sportation, lac'd of feed processing sad preservation, ax... comspi.e oo pu. 
quired foods beyond reach. Anthropological factors, social customs, superstitions, 
taboos, and religious beliefs also often operate "o prevent giving children the 

foods they need. 
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Cravioto^ Joaquin. "Malnutrition and Behavioral Dev. 



-> n t . I. tho Pre-school Chii. v 

The’ author venders about the permanent or transat. y ef. . =ta upon survivors^ 

M n of malnutrition in pre-Indus trialised areas. He pevrre ouo - ■ ,ad * es wit n *^ts 
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cockerals in which the malnu'orxuxon xn^aences -- a—*’- 

He also states, however a that even unaer sever- o. ~od re. .ricoion 
continues to grow in sice and shoving normal increments in nitrogen and phosphorus . ' 
content. However other' components remain static (sodium, potassium, chloride) and 

resemble amour, ts in a much younger animal. The author mentions several studies 

with malnutritionad animals that show retardation of biochemical indices of matu- 
ration. But ho says the effects of malnutrition upon higher nervous function in 
humans has not been systematically evaluated, perhaps because infantile malnutrition 
has been mistakenly equated with poor socio - economic status. Among all families 
the qualtity of food given to the pre-school child is independent of the total avail- 
able to the family. Traditional patterns of feeding sometimes prevent pro-school 
children from eating the more nutritious foods which are consumed by the adults 
and older children in the family* 

Andriason and Kakarychev, have confirmed their observations in Children 
through animal experiments re-emphasising the significant effects of the protein 
content of the diet on the functional status of the cerebral cortex, with both the 
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processes of internal inhibition and the intensity of positive reflex, being 
affected. 



The concern of rese; 



3h in areas where malnutrition is prevalent is to first 



determine whether malnourished children who nave 



arrested 3omatic 



O' 



wth and bio- 



chemical maturation do have similar deceleration of mental developm \t and whether 

the condition is transient or permanent* 

Apathy is probably the most common finding in psychological disturbances 
accompanying kwashiorkor* This is so marked, that renewal of interes. is con- 
sidered none of the most obvious signs of improvement. 



Che author suggests 



kinds of apathy )primarily physiological; primarily psychological; "apathy* 1 at 
the community level; and "apathy** as a characteristic of regional culture) that 



of the malnourished child could be of a mixed type or could be a seque-L uo 



emotional deprivation and loss produced by separation from the mother which is 
common at weaning in some societies $ plus the separation that accompanies 
hospitalisation* (However Kenighelto points out the psychological changes accom- 
panying malnutrition are present prior to hospitalization,) 

In most communities where, malnutrition is present 9 the child accompanies the 
mother everywhere she goes- prior to weaning. Also Geber and Dean observed that 
recovery is more rapid among infants whose mothers show the greatest interest 

■ • ' j 

and solicitude. 

Also,. although the physical signs of body wasting are more noticeable, the 
behavioral changes may have a greater importance because of their possible inter- 
ference with cognitive development. 

S&rrony, Engel, Valenzuela, Kelson and Dean, and deSilva have used electro- 
encephalography as a method of assessment of neural function in severely malnourished 

0 " - • '... 1 4 - " 
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children. They snowed abnormalities in the form, frequency and amplitude of 
tho waves. Upon successful recovery of malnutrition, the cnaj-uran's olccto- 
rencephalogyams tended to conform more closely to the pattern of healthy children 
of similiar chronologic age. The speed of change was so rapid, according to 
Valenzuela, that all pathological features disappeared ir. no more than forty days. 
Psychological Test Behavior 
Mild-Moderate Forms of Malnutr 1 t i on 

Kugelmass, poull, and Samual, in comparing the effects of nutritional improve- 
ment on mental performance in normal and mentally retarded children, found an aver- 
age increase of 18 points in I*Q« of mainutrionea chaldron in contrast with .9 

change for the well-nourished group. 
j , — Stoch and Smythe, also found a sirrd-lar increase in l.Q.'s of ch^.adren in an 

(r\\ 

all -day nursery who received adequate meals and vitamin supplements as compared to 
j the control group. 

Various studies in developing countries show newborn infants to be higher in 
psychomotor and adaptive development than in North American and European children. 
Soon after birth this declines, however, so that by 18-2U months of age, their 
performance is below their European counterparts. In six different countries, 
high correlations between deficits in height and weight and motor and adaptive 
j developmental scores were found when Geseli’s Developmental Quotients were used. 
S evere Protein - Calorie Malnutrition 

Cravioto and Robles found a direct relationship between rate of recovery of 
the initial deficit in relation to chronological age at admittance to hospitaliza- 
tion of third degree raalnutritioned children. Dean points out that the progress in 
the first two waeks of treatment is of such magnitude that it is unlikely that the 
difference in the results or tests at the beginning and end of treatment could oe 
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solely due to .2 extra care and attention received at the hospital® 

Knobloch and Panaxnonxck conclude that motor development should be aba -ned 
as prediction -1 later intellegence* It is suggested that too desell meu io 
the area of behavior that can best serve this function sine its conccrr.ca -th 
organisation of stimuli, the perception of interrelationships and the sopar ricr* 
of the whole into its component parts* with subsequent resynthesis *.n ma*. ~r 
adequate to solve a anew problem. 

Thus low scores of performance in adaptive behavior .in infants hr vin v ..uffered 
protein-calorie malnutrition before six months of age seem to indicate probable loss 
in intellectual potential* 

As is supported by the findings of Farrea-Moncada, it is possible that, the 
initial deficit in older children will completely disappear if other relevt * factors 
don’t interfere* 

The author concludes by stating the relevance of the identification of an under- 
lying pattern of psychological malfunctioning in malnutritioned children as it 

nT would assist in anticipating the child's developmental course, determine sources of 
1 \) 
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his malfunctioning and establish curricular and other educational opportunities to 
permit optimal progress* ■ 




This article offers good identification and research material, but considering 
that it was done at a conference concerned with the prevention of malnutrition, 
little was offered here, at any rate, in terms of remediating the problem* 
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Anonymous, "Deadline for Saving Starved infants.” 

Medical World Net's » Vol« 9 j 37> lSbd, PS® 37 

Dr. Myron Winick, a Cornell University padiotricion, has found the first dir- 
ect evidence in humans that a low protein diet stunts the brain as it stunts the 
rest of the body. Furthermore, the damage done to the brain of a human infant may 
be irreversible if malnutrition occurs before site months of age. 

These conclusions are based on analysis of brain DMA in experimental animals 
and infants who died accidentally or from protein starvation. Because BNA content 
of cells is constant for each species it isfpossible to determine the number of 
cells in a tissue sample by quantitating ehe 
^ , Malnutrition has been broadly induced in some developing countries by radical 

changes in social pattern without complimentary modifications occurring. In Chile, 
for example, the practice of breast feeding has been abandon on a national scale. 
Because of lack of sanitation, the babies' formulas frequently become contaminated 
and the infants get diarrhea. To stop the diarrhea, mothers feed their infants a 
mixture of flour and water. Ghe gruel provides a poor cultural medium for bacter- 
ia > but even poorer food for babies# 

In Santiago, Dr. Winick was able to study the brains of nine infants less 
7 than one year old who had died of marasmus, and compare them with the brains of 
3 normally nourished U. S» and ten Chilean infants who died of accidental causes 
between 13 weeks gestation and one yer. By comparing the Drain DNA content of the 
two groups he found a remarkable reduction in the nuaoer of brain cells in the 







undernourished groups. 

(ft The- link between number of brain cells and intelligence has never been estab- 

7 fished but the bulk of the evidence suggests that this limited development has sig- 

- nif leant adverse effects on his subsequent adaptive behavior* 
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Anonymous « " Prognosis for Jtolnourishcd -infants.' 

Nutritional Reviews , 25:11, 1967, P£ s * 332-333* 



"Mortality among a large number of 
creased when , on admission uo ho^po.ual s 



severely malnourished children was in- 
the body weight deficit (compared with 



standard height and age 
with a reduced level ox 



tables) was large , dehydration was 
serum electrolytes), the liver was 



severe (especially 
enlarged, and the serum 



bilirubin level vxas increased* 

* Among 100 children admitted to the hospital .taring the winter of 1957, 20 par 
fr&cent died despite administration of skim milk and, when necessary, saline solutions 
There was no difference in age distribution among the children who died and those 
^ who survived. Most of the infants who died were 50 paroent or more below the av- 
^ erase weight for their age, while a similar degree of undernutrition was seen in 

30 percent of the survivors. *' 
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Anonymous. "The Developing Brain." Batura 3 Vol. 221, March 1, 19&9, page ci03» 

Professor A. N. Davison has presented new evidence to suggest that there 
may be an intermediate stage in myelin synthesis. Thus crude myelin isolated from 
homogenates of the developing brain can be separated into two fractions — one com- 
parable to mature myelin and ether with a lipid composition similar to oh«it of 
plasma and other cell membranes. 

The process of jayelination seems to be a "once and for All" event and once 
deposited around the axon most of the myelin seems to be melabolicalxy raoher 
stable. Myelination may therefore be regarded as a vulnerable period oi develop- 
ment, for even mild undernutrition or aminoaoid or hormonal imbcilance c»n per— 
t manently reduce myelin deposition in me orain. 

Much work is currently aimed at relating different protein species to the 
function of identifiable brain structures. K. K. C-aitonde drew attention to the 
complex and cbhsgfeing protein composition of the developing brain. *v r ith the .inuro«= 
duction of quantitation of proteins separated by gel electrophoresis, it should 
become possible to extend considerably our knowledge of the role of proteins in 
the brain. -• ... 
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Anonymous- “Underfeeding and Brain Development*" 

I\ T nt r i t i o na 3. Tlev j.gwg 3 Vol 0 20^ No© 1^ J-jovchiuGir U^oJ ^ 3^ * 

There is much interest today in possible nutritional influences o,i o he mental 
performance of children. Undernourished children show, of course, a retardation 
in physical growth.' The question is whether there is a com; trable efxect on 
psychoraotor growth; and if such is the case, whether this nig.it/ not. account fc* 
some of the “backwardness" of the underprivileged peoples— a contribution to wnat 
has become known as the "culture of poverty. :I It is well known that deficiencies 
of certain vitamins— thiamine, niacin, phridoxine— can result in central nervous 

1JJ system syrup to ns. 

Benton and Associates (1966) through experimentation in the deprivation of 
newborn rats demonstrated that there was a delay in the rate of chemical matura- 

I H 

tion of the brain during the period of underfeeding, but that this was largely over-. 

come during the subsequent unrestricted phase • 

The conclusions of Winick and Mobie (1966), who used a similar model, differ 
_Jj f ro m those of Benton. VJinick found that the deficit in brain growth and DNA con- 
j tent on restricted intake was not repaired by subsequent ad libitum feeding when 

the dietary restrictions involved the early days of life, whereas it was gods good 
' when the restriction took place in later periods. They concluded that early res- 
triction showed the rate. of cell multiplication while later restriction affected 
J only cell size. 
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Additionally, the animal studies alluded to here refers only to diets which 
were restricted in amount, not in quality. Human children reared in underdevelo- 
ped areas often have. a diet that is deficient both in quality and in quantity; 
and the former attribute may be fully as important as the latter, if not more so. 
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Anonymous . "Undernutrition in Children and Subsequent Brain Grovhoh ar.d Intell- 
ectual Development" Nutrition Review . Voi. 26, P. 197-1 99, July, 19^0, 

The studies with humans regarding the effect of malnutrition on mental 
development, have proved it incredibly difficult to separate the exfeets cu. 
malnutrition : from those of other environmental factors and from possible genetic 
.components. 

Most research has been cross-sectional studies which don't provide an accu- 
2 * 2 . "be picture of the child prior* to entry into the soudy© 

One of the f ew longetudinal studies in this area was begun by Stoch and 



Smythe (1 955) in. South Africa. It was based on the hypothesis that the ill 



i 

effects of malnu trition are determined first by its occurrence during the period 
of maximum growth and second by the duration of undernutrition relative to the 
total period of growth* 

The most grossly undernourished infants available were matened for age and 
sex with well nourished infants of the same population. Twenty children in each 



Qj group have now been followed for 11. years. A great disparity was found in the 

living conditions of the two groups. The intelligence tests all showed signific- 
ant differences between the two groups which is also supported by the lag of the, 
experimental group in educational placemen 

This study provides^ cumulative and impressive evidence that severe under- 
nutrition during the first two years of life is associated with brain si2e and 

intellectual development* > 

Further studies need to look into the other factors which may effect r^i/arded 
mental development along 'with malnutrition so that the actual contribution of 
malnutrion can ba more accurately assessed* , : 
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Because of tbs obvious differences in environment between the experimental 
and control groups a there is a definite need for better longitudinal studies so 
that the' filed (and the literature) is not so dependant upon the Stoch and Smyth© 
study which is quoted profusely» 
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Ananyroous . nutritional Bcvigg, '■tedornutrltlon_,-,i 1 a Dtvologmnt of the Central 
Nervous Systems in the Pig" » Vclo 2p, dune -9 a, 3 Po^* 5 

One of the more significant gaps currently encumoering a good under s ot*nuin 0 
of mentation is our lack of knowledge of the linkage of tne brain and tho spinal 
cord structure, central nervous system biochemistry, and observed species perfor- 
mance. Possibly the next stop sis to develops a model system in -which one can study 

the effects of undernutritiou on organ development# 

Dickerson and Dobbing devised a system by which prenatal and postnatal growth 
and maturation of the pig's central .nervous system could be measured by chemical 
means.' Brain development and biochemical analysis was accomplished on animals of 
6$ days gestation and older. Changes in composition were expressed m terras of 
water, total nitrogen, total phosphate, DNA-P and cholesterol per kilogram of whole 
brain. This was done for the whole brain and for sections that wore studied. 

These results were used as the basis for a new assessment of central nervous 
systems development. Two phases of development were noted. Maturation was defined . 
as- a rapid increase in collularity marked by increased levels of DNA-P. Growth, 
or myelination, was represented by increased cholesterol levels. Tho rate of matu- 
ration peaked prior to birth, whereas, the rate of growth peaked shortly after part- 
urition. The cerebellum and forebrains were thought to grow and mature at the same 
time, but not at the same rate. The cord matured early, but continued to grow for 

at least 3h weeks* ■ 

In experiments' with undernourished and control pigs the brain ana cord of the 
undernourished animals grew at. a subnormal rate. The length of the cord was res- 
tricted by slow body growth by the thickness was unaffected. Lower DNA-P concent- 
ration and high percentages of cholesterol indicated that considerable brain develop- 
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ment occurred during the period of undernutrition, but tissues were far less 
’.nature in normal animals. 



Mo attempts . were made to evaluate functions 



1 -oerformance of the central ner- 






vous systems. .More information might be obtained by comparing growth rates in 
smaller portions of the brains, such as the hypothalamus, temporal cortex, and 
basal ganglia » 







"Malnutrition and Laarninn" 
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The purpose or this paper is to present soma of the evidence , based 
on animal and hyman studies, linking malnutrition to the growth of the 
brain , the performance of various intellectual functions, and other develop- 
mental variables related to learning* 

Brain Development and Function 

■ Undernutrition of pigs and rats from birth to 21 days :.v educes a per- 
sistent and permanent reduction in brain weight* Ine earlier the malnutrition 
the gore severe is the effect and less likely is r ^co very* Under-nutrition 
also results in specific degeration within bras: - 11s j again, the earlier 
the restriction, ' the more severe the damage. 

The effects of postnatal malnutrition cn arn.nals v/ho have already 
suffered prenatal malnutrition arc more marked than effects of either prenatal 
or postnatal deprivation separately. It seems that prenatal malnutrition made 
these animals more' susceptible to postnatal .. undernutrition* If the deprivation 
occurs early in infancy, these changes are irreversible, while the effects ox 
later deprivation may be reversed through proper feeding. Another finding is 
that poor nutrition of the infant female may affect. the development of her 
offspring many years later. 

Available evidence from human studies reinforces the findings of experi- 
ments with animals and suggests that early infancy is a critical period for 
the development of the brain. This is also the time when the brain is ex- 
tremely vulnerable . to the effects of malnutrition* Indirect measurements ox 
the brain growth in humans shows that malnutrition will curtail the normal 
rate of increase in head circumference, which accurately reflects the reduced 
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nvu-nbor of colls present in their brain. VJhen a fluid, similar to spinal 
fluid is used to fill the cavity between the brain and the skull, ana a 
diffused light is used to make the fluid clow, a very small are in shown 
w ith normal children. But maln/atritioned children's entire braun case glows, 
from the forehead to the back of the head* 

that is the relationship of these changes in brain development to be- 
havior and to intelligence? ‘ 

Follow-up tests of children restored to health showed that they achieved 
lower schores than children who had not suf fared from malnutrition « Simi-arly, 
he malnourished children studied by Stoch and Smythe who exhibited reduced 
■ ? aad circumference had lower X* Q* ; s even alter long-term follov<-up» 

A series of studies by Cr a vie bo and his associates in Mexico and O.uate— 
mails has shown that performance of children on psychological tests was re- 
lated to nutritional factors, not to differences in personal hygiene, housing, 
cash income, or other social and economic variables* Caildren exposed to 
severe early malnutrition exhibited perceptual deiects as well as smaller bouy 
size* The earlier the malnutrition, the more profound the psychological re- 
tarda t ion • The most. severe retardation oc cured in children admitted go the 
hospital under six months of age and did not improve on tests even after 220 
days of treatment. Those admitted later, with ..the same socioeconomic back- 
ground and the same severe malnutrition but a different time of onset, did 
recover after prolonged rehabilitation* . 

Evidence already exists that the lag in the development of certain 
varieties of intersensory integration has a high correlation with ouckward^ess 
in learning to read® 

Xn addition to the negative irapacu of malnutrition on t ne growth r «. gco 
and inter sensory development of children, Cravioto found a relationship bu— 
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SJwecn these aspects of dovelcpmont and infection. Eichenwald has shown 
that certain infections in malnourished children nay produce severe and 
prolonged hypoglycemia, a condition which can by itself cause brain damage, 
in addition, various biochemical defects of children with malnutrition aro 
accentuated by infection. Infection and malnutrition thus act synergisoically 
to produce a chronically and recurrently sicl child less likely to react to 
sensory stimuli from has already inadequate social environment. 

Effects of Prenatal Nv >rition 

Since it has beer found that both low c-rfch weight and a high infant 
mortality rate are rrm 3 common in poor fancies, the finding that undernut- 
■ rition appears to be the cause of prenatal growth retardation is an import- 
ant one. In addition to being lb percent smaller, the inianos ^.rom ppor 
families had multiple evidences, in terms of relative weight of such organs, 
as the thymus, spleen, liver, etc. of prenatal undernutrition. The offspring . 
of non-poor -families had a mean thymus weight which was 10U percent of tne 
'•normal” Haight, while the poor infants, had a mean thymus weight of only 66 
percent of "normal." While the function of the thymus is not yet completely 
understood, there is increasing evidence that it is involved in both growth, 
and immunological functions. Children whose mothers received a vitamin supple- 
' ment during pregnancy had a significantly higher I. Q. at three and four years 
of age than did children whose mother received placebos. Also, whan a vitamin 
supplement was given to pregnant and lac ta ting women with poor nutritional en- 
vironment, the offspring at four years had an average I. Q. score eight, piints 
greater than the average score of children of mothers given a placeoo ovei che 

same period* 

Nutritional Therapy and I„ Q. 

Kugiemass demonstrated an increase in the I. Q. of both retarded and 
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mentally norm:! chaldron as a result of prolonged nutr: tional rehabilitation. 
The malnourished Warded children showed a gain of 1C points and the normal 
children one of lb points after a period of dietary ir; movement. Ir. .-ntrast, 
thero was relatively little change in the scores Oa. thw well nou* io«. 
tarded and normal children. 

C ours in has shown that deficiencies in the B-corr. lex vitamins ax. - an 
vitamin G can produce* adnormalities of nerve cell metabolism and fuse —on ana 
can impair mental development. Vitamin therapy has e: fected improved mental 
functioning with such children. 

Motivation and personality Changes 

One of the first effects of malnutrition is a reduction of the .lid's 
responsiveness to stimulation and the emergence of various degrees 01 apathy. 
Apathetic behavior in its turn can function to reduce the value of the child . 
as a stimulus and to diminish the adult's responsiveness to him. Thus apathy 
can provoke apathy and so contribute to a cumulative pattern of reduced adult- 

child interaction. 

There is evidence that if malnutrition occurs after a certain age its 
effects on learning are reversible. Though the exact nature of the timing is 
yet to be worked. out, "it is becoming clear that the prenatal period and the 

first six months of -life are critical. 

The author suggests the following methods for insuring that every child 
has the same chance of being " created equal": 1) convey the vital importance 
of prenatal and early infant nutrition to girls in school, 2} providing all 
school children with high quality breakfasts and lunches (malnutrition is 
increasing regardless., of social class) 3) educate the public regrading nut- 
rition and seeing that food is made mors readily available to those in real 

need. 
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The earlier we provide preschool for children 3 the sooner we would 
ha're the facility f:r "rod nutritional dispersement. The inclusion of 
a breakfast and lur 'would seem a reasonable and necessary investment in 
t'i maximised _Cvr lopmant of children's mental function. 
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Bailit and Whelan, Mary Anna 0 !l Soma Factors Related to Size and In- 
telligent _a Institutionalised Mentally Retarded Population" of Ped- 
iatrics, ’-909, July-Becember, 1967. 
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A of 77 institutionalized children diagnosed as mentally retarded 

without ... neurological signs or symptoms (famiiial-cultural)retardates) 
was exams.:- vunthropome tr ically as well as for I® b ir t hw eighty parental 

age* biro,:- nrier, age at admission^ and length of time spent in the institution* 
x he . - wuS induCtits o ha Xf • ^ 1) She- sample subjects were retarded for all 

eleven r.u:. „ments when compared to published standards of Caucasian Phil- 
adelphia .._ire n. Height, lead length, and biocranial and bi-iliac diameters 

' were most r.uucedj approximately 23 or UO percent of the subjects were two or 
more standard deviations below the normal population mean for these dimensions. 
The remainir ’ measurements were much less depressed, ranging from 3 to 20 per- 
cent below tw3 mean. ( 2 ) It is not kn own if the anthropometric values of 
this study are representative of familial retardation in general. Compared to 
studies of children with Down's syndrome, the familial retardates are consid- 
erably taller (3) While boys were relatively smaller than girls in all 
measurements, the differences wore not significant. (L) Leg length was dis- 
proportiorrhely reduced compared to sitting giight. (3) Parity, parental age 
at birth, and birth weight were not remarkable. (6) I. Q. and, size were indep- 
endent wuthin. the sample. (7) Wo relationship was found among parity, parental 

' .* 

age at birth, and I. Q. and size. (3) Birth weight was significantly and 
positively correlated f in 6 to 11 measurements and the other five approached 
significance. Those heavier at birth were larger and more intelligent. (9) 
Length o- spent in the institution was not found to influence growth or 

I. Q tt (10;, , nere was no evidence for a progressive retardation in growth or 

intelligence with increasing age relative to normal standards. 



O 

ERIC 



30 



2 



Interestingly, in the body of this report, the researchers are quoted 
as follows, "paternal age is significantly and positively correlated with 
1 9 Qo Wo have no ready coxplanat ion for this finding and to our knowledge, 
it has not been demonstrated elsewhere. It is probably a chance occurrence 
One ’wonders why, if paternal age is so correlated, that the information i3 
so easily dismissed, No mention is made in the summary. 
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• Barnes » Richard? Cunnold, Saa^nj ^cemjnn, -^^^^^vations in Early 

Robert and Krook, Sennara. ^t^veasu-ed* by Performance in a Water Maae." 

Life on Learnins Behavxor oi Raus aoj-.casa.ca oy r 

Journal of Nutrition a o9:196oj, P£s. J-/9-U0 9» 

. ,., , r _ t v --^t vere subjected to different fapms 

Learning behavior was studied in r. u s wt. v.c.e ou j 

, , < <="-ixr life. Food deprivation during the fi.rst 

oT nutritional aepr^vation e^ly ^ 9 

vMirrh^r* of rat nups nursing 

three weeks of life was achieved oy increasing t»e min.oer ox 

from one lac ta ting female. At three weeks of age rats were weaned and »«, fed 
an extremely low protein diet for eight wools. Four treatment groups were es- 
tablished by subjecting rats to either of those nutritional deprivations alone 
o, by combining the two forms of restrictions or by providing optional nutrition 
from birth. When the rats were from six to nine months of age, visual discrimi- 

^ , n a v v; . ter vaiR e was measured. Xalo rats that were deprived 
nation penormance m u x oci .. 

both before and after weaning made significantly more errors than the normal 
controls. The animals that were deprived preweaning or post-weaning alone 
gave intermediate results. No significant differences were obtained among fe- 
male rats subjected to the same treatment regimens. The conclusion has been 
: drawn that nutritional deprivation in early life can cause a long-lasting, 

' ‘possibly permanent retardation in the development of learning behavior. 

• Motivational or. emotional behavioral differences were noted among the treatment 
groups and therefore the realtive contribution of "drive" as contrasted with 
■ "capacity" in the altered learning behavior is not known. When rats were tested r 
' for position reversal performance in the water mane shortly after weaning and 
; . during the time that certain groups were receiving the severely protein-deficient 
diet, the most errors were made by the double-deprived rats, follow ed closely 
by those that were malnourished only after weaning. Rats that had been rest- 
‘ ric ted prior to weaning only or the normal controls made the fewest errors. 
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Female rats showed less definite effect of dietary treatment on performance 
than the males o 



In both procedure and interpretation this report represents one oi the 
more responsible contributions in this area of consideration. To the reviewer's 
knowledge , these authors are the first to suggest the possibility of discrimina- 
tion by sex in the effects of malnutrition. And, though not the first, this re- 
port is quite thorough in incorporating into their work a qualification of the 
data due to the possible contamination of unfactored social motivational in- 
dies. In both these considerations the authors suggest that a more sensitive 
test of learning behavior must be used and, since small differences a*e to be 
anticipated, it is probable that very large groups of animals must be used. 

This must be regarded as one of the best efforts to data and certainly 
worthy of replication with larger animal populations. . 



3 ) 



Barnes, Richard H. "Experimental Animal Approaches to uhe Study of Early 
Malnutrition and Mental Development” Federation Proceedings . Vol. 26, 

?. 1UU-1U7, 1967 o 
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Experimental animal studies dealing with the ex j. ecus Oj. nutrition in 
early life upon adult learning behavior have been disappointing in number 
and interpretive value. The major difficulty has been a lack of nutrition - 
knowledge or* the part of the experimental psychologists who have conducted 
studies and a lack of knowledge of experimental psychology on the part of 
nutritionists engaging in such work. A cooperative effort on the part of 
the two disciplines is needed. 

Studies by experimental psychologists havo shown an increased drive for 
food or water if the animals are not satiated at the time ox testing. ihis 
cirxve for food or water is lessened or disappears ii the deprivation had 
boon initiated 12 days or more after weaning. In investigations byBranfen- 
brenner, the conclusion was drawn that the drive deprivation rqther than al- 
tered learning capacity enhanced the animals* general activity level and its 
ability to solve drive —relevant problems. Tnose adult rnto experiencing 
feeding frustration (by increasing the litters being nursed by a female) were 
more successful in competition for food and hoarded significantly more pellets 
that normal control rats. Griffiths and Senter reported that maze performance 
by rats receiving a protein free diet were superior in a maze performance to 
rats being fed a protein— rich diet when the protein rich diet was oeing used 
for reinforcement. A study by Andriason noxso that vjnon the regular diet and 
the reward diet were the same, there wars no demonstrable ditierances between 
low protein-xed and normal protein— fsa re^s in maze performance* 

Cowley and Gricsel^ found a hxghuy sxgrxiicant difierence xn scores on 
the Hobb-Williams dry maze between first fxlxsl generation deprived male raos 
and the control group* There was no' difference with the female depraved rats.- 



The author suggests that the results part.be aue oo maternal dopreva oion^ 
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but perhaps the rats on the hish . protein diet have increased drive waxen 
lead to ‘choir better performance. 

Neither Bernhardt who used casein, nor Pilgrim vino used protean, notea 
any differences in the performance of two groups of rats, one deprived, the 
other not* on the water maze* 

Restriction of food intake* either prior to weaning or immediately 
following v?eaning* appears to have some long-la sting effect on the animal* s 
behavioral pattern* These behavioral changes have been described as reflections 
of drive deprivations duo to withdrawal of food and not as nutritional de- 
ficiences resulting in altered learning behavior. There have been no signi- 
ficant effects upon learning behavior following renaoilitation shown with 
animals who have been fed protein deficient diets for short periods oi. time 
. after weaning. 

The interdisciplinary efforts of psychologists* pauhologisuc* ^nd nutri- 
tionists at Cornell University showed that baby pigs evidenced several of the 
. classic signs of kwashiorkor after being on a diet for eight weeks containing 
3% protein* and 2 h% fat along with the other nutrients in adequate quantities • 
After they were rehabilitated with a diet of. 25% casein and 3^0^ fu^* they did 
not achieve the. body weight of the control animals* A lso it was found that 
the experimental pigs needed a greatly prolonged period of trail* when attempting^ 
to extinguish a well-ostablished conditioned response as compared to the controls* 
even though there had been no difference in speed of development* oi ohe condi- 
tioned response between the two groups* 

As to rats* on the basis of additional evidence from current research in- 
volving different types of test procedures* it as believed tna t early nutri- 
tional deprivations have resulted rn a decreased learning capacity as wej-1 as 
changes in other behavioral characteristics* The general cpnclusion nus aeon 
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proposed that nutritional deprivations in early life can affect learning 
behavior in the nutritionally rehabilitated adult male rat. Results indicate 
that behavioral differences do develop in the female 3 but they are much less 
define tiva and it is possible they are not as lasting as in the males® 

Some of these studies give encouragement to the conduct of more extensive 
investigations. They are especially needed with slower growing animals such as 
primates in order to bridge the span from rat to man. The possibility also ex- 
ists that some degree of mental retardation may result from relatively mild 
undernutrition imposed in early life* 






author 



his point as to tho need £ or coope: 



mrH n h a twa o n 



tho disciplines in the uorm or th 
Unfortunately he leaves it to his 
presentation is disjointed* His 
point which is made and has not b 
1 wriuer is xamilmr^ it tnat ..uudi 
for humans* 



,e conflicting array of studies which he presents*, 
reader to presume the rational^ since their 
point* however* at well taken* One other good 
•aan suggested by other authors with which this 
as using primates roay well be more relevant 
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Barnes, Richard, Moore , Ulrxe, a 
in Young Adult Pigs Caused by Ha 

Vol„ 100, p e 1U9-155, 1970. 



r.d Pond, 1/5.' son, "Behavioral Abnormalities 
Inutriuio;; in Early Life" J« Nutrition,, 



Baby pigs were malnourished for a perio ' of eight weeks by restricting 
protein or calorie intake with the objective of studying behavioral changes 
that remained long after nutritional rehabilitation had been achieved. An 
apparatus was designed for the measurement of changes in the level of excite- 
ment or emotionality under conditions of stress, as well as changes in learning 
performance in a conditioned avoidance situation. The most striking behavioral 
change due to early malnutrition was the heightened excitement of the pigs when 
exposed to aversive stimuli, although there was also an inda.c~tion ox dtcreustd 
learning ability. Since learning performance can be affected by behavioral 
factors that influence the level of reinforcement (reward or punishment), im- 
paired learning may be due either to decreased intelligence opacity) or to 
elevated excitement and consequent over-reaction to reinforcement. The nutn- 
tional condition which caused the greatest change in behavioral development 
resulted from feeding a diet very low in protein from the third through the 11th 
week of life. Behavioral abnormalities were also noted, although in lesser 
degree, if the low protein diet was initiated later, i.e., seventh to x if teen oh 
.week of life or if a diet of normal composition was fed in restricted quantity 
so as to prevent growth during an eight week period starting either at birth 
or at three weeks of age. . 
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During the depletion period the pigs which were either protein or calorie 
deprived developed a gaunt, unthrifty appearance. The protein-depleted animals 
consumed very little food while the calorie-depleted pigs retained uneir 
appetite. Surprisingly those pigs remained active throughout the eight weeks oi 
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appetite* 
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depletion and when let out of their pens each morning during the clean-up 
period they frolicked and ercplored the new surroundings much in the sa rzo 
manner as the control animals • Other studies have suggested great loss or 
motor control is significant to the results of these evaluations it would 
seem necessary to ©evolve standard test procedures. 
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Benton, .John* Moser, Hugo* Do a 2 - 2 . 
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of the Schedule oF Kyiiination'in the j£t by Early nutritional Deprivation." 
Pediatrics , Vol, 33, No* 5? November 1966 0 

Relative nutritional deprivation was produced in groups of 16 to 2a 
newborn rats who were all nursed by one rat (deprived gro up) and compared 
with control litters containing 10 or less animals. Both groups were weaned 
at 21 days and thereafter allowed an unlimited supply of food* 

There was diminished somatic growth, in all of tne deprived gre^po and, 
at 2 and 3 weeks, the wight of many of the deprived animals 'was approximately 
one -half that of the controls. Brain weight, total brain lipids, cholesterol 
and phospholipids uero reduced to approximately 80p of the control. Brain 
eerebrosides were affected to a greater extent than the other lipids, being 
only fifty percent of the control values. Histological sections showed less 
myelin. At six weeks, following Ixhree weeks of ad lib. food intake, the body w 
wcgjiht, brain weight, and .concentrations of the brain lipids ox the imitially 
deprived animals ’wore essentially equal to those in the control animals* 



The delivery of this report by Benton and his associates must have, at 
least initially, caused quite a stir among those concerned with malnutrition 
and brain development .since it appears to radically differ (in terms of re j uven-~ 
ation potential) with the vast majority of their introductions* 

It is assumed by the reviewer that the suggested difference may eventually 
load to a reconsideration of the limits of the “critical growth periods" often 
alluded to in brain development. Some variance in definition, as mignt 00 
reasonably expected, presently appears in the literature. Benton, et.al., 
pin— points the maximum rate of synthesis of myelin lipids . takj.n& pl«^e on the 
fifteenth and sixteenth day after birth (in rats). Daveson (1 you; suggests 
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t , 1Cj sar ,. 0 growth period to extend from 10 to 21 days of age. Since the studies 
generally discontinue deprivation at the 21 day of life in the rat tms may 
encourage an actual periodic extension of the synthesising mechanisms in- 

voivedo 

Until 'those variances are further understood and explained, extrapolation 
of data to human counterparts will be subject to considerably more question 
than even exists presently. ^ 
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Related to Nutritional Status" 
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In view of the knowledge th;<t the greatest effects of undernutrition in 
early childhoou on mental physical development may be produced at periods of 
maximal growth and the fact that most brain growth and much mental develop- 
ment take place in the first two years of life, it is probable that sc.-orse 
effects on mental functioning during that period will not disappear as a 
consequence of later adequare diets. This study looks at the relationship 
of low nutritional status in the first 13 months of life to intellectual per- 
formance at age U-5> years. 

Subjects and control group were kh children each with matched parents 
in terras of age, intellectual performance, and educational level. All were 
born healthy and were not malnutritionecl until at least three months after 
birth (when the mother started weaning ohe child). 

Results; . 

The mean I. Q. of the experimental group was 79*5 and that of the control 
group was 103, The mean age of onset of walking for the experimentax group; 
13.5 months, for the control group: 11.8 months j talking for the experimental . 

groups 16. 7 months, for the control group: lii.U - all wore statistically sig- 

' '* „?** 

nix icunt>« 



This article suggests that the children were not malnourished unoil onset 
of weaning, as do others * However , there appears to be a controversy, ^he oLiOj. 
viev: being that the child is malnourished prena tally as well* would oe ox 

interest to note if any of the parents of either group had eicperioncea maj.~ 
nutrition in early life* 
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Carter, J_ 
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and Associates. "health end Nutrition in Disadvantaged Children 
iationship' with Intellectual Development." 

,-^er f or Parly Education and Var.derhill University Sc nool oj. 



Three groups of children were studied in terms of physical status as 
related to intellectual adequacy as measured by the Stanford-Benet or * T . P 








P • s • 1* 

Each group contained about 17 children. Subjects wore selected on the 
following basis*. Socioeconomic status, mother under 35 years of age, subject 
should not be farther in the family than the third child, and younger siblings . 
should be present. The possibility of the child attending pre-school was pre- 
sented to the families. Twenty families who met the criteria were selected as 
. the control group « 

Priorities for each of the three programs wore determined by questionaires 
' answered by the faroilies* 

Vision* hearing and speech evaluations were conducted* the results oi 
which are included* 

Nutrition 

At the rural and urban' centers the children were served a snack and a. 
lunch while children in the urban center also received breakfast. 

A composite specimen analysis regarding the nutrients consumed oy "poor 
eaters," "average eaters", and "big eaters" vjas conducted. A modified seven 
day recall dietary history was obrained from each, mother by an experienced 
' dietitian. The estimated daily intakes of nutrients were found to be well a- 
bove reference standards * 

A medical history for each child was also completed with the results found 
to be within normal limits -although the children tended to be shorter and weight 
less than those indicated by the Iowa harms. Aaso amounts of suo cutaneous fa« 

4 & 



9 



n 

1 

1 

iU 



u 







Dcii G G. 1 jLDCi. mgS 

The proportion of children with all existing teeth normal is twice as 
CX-^t in the urban group as in the rural group * Water samples from homes 
were analysed un an off oru to determine the source of the dental differences 
and fluoridation apparent to make the difference* 

Biochemical Determination ' 

Blood specimens were collected from the children from which it v;as do ter- 
mined that tne xow who had low or deficient levels of hemoglobin were in the 
urban group* Substantial amount of vitamin A deficiency xvere found in all 
three groups. Tnere were no deficiencies found in vitamin C. There was more 
anemia and systemic iron deficiency in the urban group than' in the rural groups© 
School feeding programs seemed to bo a main contributor to the adequate para** 
meters found* 

Examination for Ova and Parasites 

Using a scotch tape swab and a stool examination, it was found that several 
children intthe urban group had Ascaris and Trichuris ova and Giardia cysts in 
their stools. Half the urban children were infected- with pinworm as well as 
about 70^ of the rural children. 

Relationships Among Variables ■ * 

ihere was ^ound a correlation bovwoen the mother * s height and her child* s 
b-Lo. oh weigh o, adjusteo. weighty and adjusted height. There was no correlation be- 
tween eacn o.C une-se variables and the Benet I«^i e score» 



O 

ERIC 



The thorougn nature ol this study is most promising*, There appears to be 

one j. lav. 7 or. re gam so the examination ox" nutrition and the preschool, subject it 

wound seem that there should be a more reliable means than weekly recall on the 
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of the mother Tor determining iced intake by 
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Champakam, S. and Srikantia, S. G. and^Gopalan, C. "Kwashiorkor and Mental 
Development" At nor > Clin , Vox 2xs p* 8 xU~o^<-;? ±9ou* 

This study was concerned with 2 (I) evolving suitable tests oi mcnoaj. 

development for children in the Telcngana area of Andhra Pradesh, India, taking 
into consideration the two languages spoken and the varied cultural environ- 
ments of the two linguistic groups. Suitable tests were developed ior s~c ohrouga 
11 years olds and included intelligence tests and sensory development tests; 

( 2 ) the application of these tests to children who had recovered from kwashiorkor 
and to ** normal 11 children in who cororriu nxty«* 

D 0 ve loprne nfc ox Tests 2 

Due to lack of reading and writing ability, the I.Qo tests had to be based 
on the actual manipulation of varied concrete materials by the subjects. ( lhe 7 
were also individually applied to the subject.) The test items ’.'ere so chosen 
as to test different mental functions like reasoning, organization of knowledge, 
memory and different perceptual processes. The test was standardized by a popu- 
lation belonging to fcbha|iEaraeucuitural and socioeconomic class as the subjects 
with kwashiorkor. 

The sensory development tests were presented through three sets of compara- 
tive judging tasks; visual-haptic series, visual-kinesthetic series and haptic- 



series. 






Application of Tests; ' 

Nineteen children who had been admitted to t-he hospital wion kwa-an-tOrKe.*. 
and had been successfully treated were the experimental group. All were between 
18 and 36 months at the time of admission. The follow-up assessment occurred 
when they were between eight and 11 years of age. 
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Selection of Control Subjects; 

Three control children, matched in age, sex religion, cast, socioeconomic 
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status, fa;. lily size, birth order ar.d educational background of parents, 
general pattern of care, from the same locality, in the same school and clo^s 
wore compared t-o each child in the experimental group© 
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Ptesults and Conclusion: 

There was a significant difference between uhe control subjects and tnose 
treated for kwu s b..l or kor on the X»Q« tesus# at was rr*os o signi-LiCo.n g xii ohe 
younger children (8*9 years of age) and tended to diminish in tne older chixdren 
(ten — eleven years of age)* Also there was a close direct relationsnip between 
the intelligence scores and the performance in tne intorsensory tes^s «■ bo^h in 
experimental and control groups * It was poorer in the younger group &nd tended 
to improve the older group* 

The retardation was noticable mainly with regard to perceptual and abstract 
abixatj.es* 

Even so ^ it is difficult to assess "one extent go wnich the kv/GsbioxTlcG.*. vxas 
the basis for lov/er intelligence scores or whether factors of individual initia** 
wive on the part of parents in providing for their children, o.r immobilization 
during illness may contribute. 



The authors offer an admirable attempt to match the experimental and control 
groups. Even with, such an attempt, they are temporing their results in the light, 
of such unmeasurable factors as parental individaul initiative, it would be of 
interest to do a longitudinal study using this type of population in which children 
admitted to a hospital with kwashiorker ■were gxven concentrated attenoxon in an 
effort to develop their mental processes, another such group wqs not worked with, 
and a third group, contained in the hospital for .other reasons than kwasnxorwer 
were compared to normal population. 
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Nutritionally induced errors in metabolism are capaolcs or causing o&.w^.-. 
nervous system dysfunction. A constantly growing list of recognized metabolic 
abnormalities would include the carbohydrates (hyperglycemia of diace uos* hypo- 
glycemia , and galactosemia)^ lipnas (nantnomatoses , coreorosides, 03 — — ea )| 

and the amine acids (Phenylalanine , branched chain forms, arginine, glycine, 
lypine, methionine , tyrosine, and histidine). The specific deficiencies in- 
clude vitamins A, Bi, Bg, 3^, Bg 2 > bCdino and others. 

Additionally, there are nov; numerous projects under way to explore a lost 
of variables in the broad field of the relationships of macromolecules to mental 
processes® 

Available information and planned research support the thesis -chat with the 
exclusion of the insults of anoxia, disease and trouma, c enfcral nervous system 
development and performance basically stems from the Diochemistry of the nerve 
cells. Furthermore, the metabolism of these cells, their structural components, 
energy kinetics and integrity of function are fundamentally related to their 
nutrition over a time continuum. 

Early and prolonged undernutrition may result in many compensatory adapta- 
tions of intracellular metabolism. These may alter the usual course of events, 
resulting in limitations or retardation of nervous system performance® , 
term retardation implies a spectrum of limitations that xs qualitative **s to 
the degree' of severity of their dysfunction* 

In developing countries whore statistics indicate that some 75% o± preschoox 
children are under nourished a very high morbidity and mortality rate results® 
Those uho survive are r.ot to he construes, as “the fittest * 1 3 but ra oner arc 
• ones vho have managed to sustain life despite their margins x dietary saosxs uenc^ 
persistent parasitie infestations^ ana recurrent iru.ee oions* 
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In response* to tnxo luta*c roocoxcn 

-» * _ .'.« _^.r j ~ ~ v> cifiiin X\in.c*t»xori# IncXvici oci 

attache on the numerous xacots ox n^rio-.on a-iccoinc 

must bos 

(X) The development; oi improved techniques for ideniifyihe; and quantitating 
types and degrees of biochemical abnormalities that occur in mild, moderate, and 
severe* undornutrition 0 

(2) The continued exploration of -molecular components of the brain cell 
that roXato to trio n t a tl on® 

(3) The development of more meaningful procedures for detormin&ng brain 

- function on a conceptual basis with consideration of family background, environ- 

nontaX c ire urns ta nee s * snd cul *dC wOxs« 

(li) Devising ’ebetter techniques for measuring neurophysiological mechanisms 
and their integration in the total functioning complex oj . tne individual# 

(3) Meeting the demand.; for appropriate nutritional resources ana logistics 
for resolving the problems that confront the preschool child. 



In In addition to the above the author has included ong qi'bqhe better synthesis 
of Dr. Crevioto's work among the Cakchiquel Indians in Guatemala. 

This was a very informative and "full" article. *s it initially stated tnis 

1 * 

is an "overview 11 of the current- position relative to malnutrition. 
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Cravioto, Janquin and DcLccardio, 31 m asd Birch, Herbert. "Nutrition^ Growth 
and Iteuro integrative Development* An jixperimsnoal c;.a ^oxQi±c So ->/ . 
Pediatries, Vol. 33, Ho. 2, Part II, Augusts. 19v 6 # pans* 



This stud/ is concerned with the effects of protein-calorie n**X .uo.ioiou 
and the affects of the deprivation on stature, weight and the capacity to learn. 

If the relationships suggested above is actually the case, then the significance 
of observable and dramatic consequences of malnutrition for physical statues may 
be but one visible sign of functionally, perhaps, far more important non-visible 

handicapping. 

The basic hypothesis being specifically explored is that su.-eus degrees 
of malnutrition either of primary or secondary causation during the preschool 
years enn interfere with central nervous system development and result in 

reduced level of adaptive capacity* x 

Prior work by Coursin suggested to the author that at least three broad 

areas of* inquiry justified 2*ssc2X*cn« xhesc are* 

1) The exploration of molecular components operating in the brain cellaas 

■ they relate to mentations 

2) The development, of more meaningful pr. cedures for measuring brain function 
on a conceptual basis, with consideration of family background, environmental 

c ire u$s ta nc e s end* cultural anu 

3) Devising better techniques for measuring neurophysic-logical mechanisms ^ 
and integrating them both into the total functioning complex of the individual. 

A review of the available literature led the author to the following prelimin- 

a vv conclusions $ 

a) Malnutrition is a significant factor affecting the growth of children in 
all major preindustrial areas. When a child has been malnouris;’.-’. there tc a per- 
sistant lag ir'' growth which at each age level is refloat ; a sh*rc stature. 

Not only somatic growth, -s reflected in body length, weigne, and body 
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associated with changes in psychological functioning, manifested in reduced 
intelligence test scores^ dove loprr.c nca 1 and deiec'txve learai^ » 

c) Animal experiments tion provides support both for the stunting produced 
by nutritional lacks in early life, and for the effects of the deprivation on 
certain aspects of behavior* 

d) Biochemical alterations induced by dietary inadequacies or by the inter- 
ference with- mechanisms for utilising nutrients appear to result in arrest and 
regression of biochemical maturation in selected tissue and organs including nhe 
central nervous system. 

e) The degree to whi - tho individual® s growth and development is afi.ee ted 
by malnutrition varies with the severity of deprivation, the time of life at 

" which this is experienced, its chronic! ty, and with the characteristics oj. the 
associated complications. 

f) Spaed of recovery from malnutrition depends not only on tne introduction 
of adequate amounts and kinds of foods but also upon the environmental circum- 
stances in which the recovery is taking place. 

g) At the human level malnutrition is most persistently present in children 
whose familial environments are characterised by cultural as well as economic in-y 
adequacies. As a consequence, in attempting to assess the effects of nutritional 
lacks on both somatic growth, and behavioral development, it is necessary either 

to control for nr otherwise to assess the affects of these non—nutritional factors. 

h) The manner in which the nervous syste and its functioning are alterea 

to ■ result in reduced levels of intellectual competence is only partially suggested 
by psychological test studies and by conditional reflex changes. It is necessary 

A, 

to examine- 1 certain pr*mn~*y mechanisms underlying cognitive growth of a ^Uiier 
view of the ways in which malnutrition affects intellect is to oe oo*ained« 
Further, such an analysis is of potential significance for the development of 
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methods for the more effective rehabilitation ex malnourished children. 

Two facts clearly emerge from tixe Cr.T/ioto study, i'or tno rur&4. ch^lo^n 
studied a difference in height is accompanied by a dxxxcrenee in xntersencory 
integrative ability, For the upper social class urban sample, difference* -n 
height are not associated with differences in intersensory integrative competence. 
Therefore, height as such cannot be considered as a determinant of ir.uc-rsenoO*/ 
integrative organisation unless such difference in height occurred under cir- 
cumstances in which the height differential developed from causes which affect, 

intersensory integrative organization. 

Differences in growth in the rural children are most likely to have derived 
from a failure to have received appropriate amounts and kinds ox food ^prii.-a*.y 
malnutrition ) , or to have been the product of infectious disease or parasitic 
infestations which have secondarily interfered with the individual's nutritional 
state either directly by increasing tissue catabolism without a compensatory 
increase in food intake, or indire- dly through anorexia . or social custom, xn 
accordance with which, greatly reduced food consumption is deemed therapeutic 
in preschool children during illness and cciycaloscence. 

Clearly then, malnutrition could act in two ways— one deriving from a dir sot 
interference with the development of the central nervous system and the other y 
from a series of indirect effects. In looking at the latter— three possible in- 
direct effects are readily apparent; 

1) Loss of learning time. Since the child was less responsive to his en- 
vironment when malnourished, at the very least he had less time in which to learn 
and had lost a certain number of months of experience. On the simplest t.*sis, 

. therefore , he wouxd be expected to snow some developmental lag. 

2) Interference with learning during critical periods of development. 
Learning is by no mean simply a cumulative process. A considerable oody of 
evidence exists which indicates that interference with the learning process s« 
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specific times during its course may result in distrubancos in function that 
are loth profound cr.d of lone ter;:: significance. Such distrubance is not merely 
a function of the length of tine tnc organism is deprived oi tne o^;Oi .aniu^ea 
for learning. Rather, what appears to be important is the correlation of the 
experimental opportunity with a given stage of development — the so-called 
critical periods of learning. Critical periods in human learning v ava not been 
definitively established, but in looking at the consequences associated with 
malnutrition at different ages one car. derive some potentially usexul nypothosise 
Relevant to the relation between time of life at which malnutrition develops and 
learning may be the earlier report of Cravioto and Rabies v/no nave e'no wn uhat 
as contrasted with older patients, infants under six months recovering iron 
kwashiorkor did not recoup their mental age deficit during the recovery period* 

In older children, ranging from Ip to Ui months of age, too, toe ra^e ox recovery 
from the initial mental deficit varied in direct relation to chronological age 
at time of admission. Similarly, the findings oi Barrera— I^oncada in children, 
and those of Keys,, et.al. in adults, indicates a strong association between 
persistence of later effects on mental performance and periods of onset and dura- 
tion of malnutrition. 

3) Mptovatopm amd -serspma jotu ejamges. It should be recognized that the 
mother 1 s response to the infant is to a considerable degree a function of the 
child's own characteristics of reactivity. One of. the first effects of ma" 1 - 
nutrition is a reduction in the child's responsiveness to stimulation and the 
emergence of various degrees of apathy. Apathetic behavior in its turn can 
-pv»y-. p.T.i on to reduce the f nlue of the child as a stimulus anc to diminisn one adult ' 
responsiveness to him. Thus, apathy can provoke apathy and so contribute to a 
cumulative pattern of reduced adult-child interaction. If this occurs it can 
nave consequence for stimulation, for learning, xor maturation, and for inter- 
personal relations, the. end result being significant backwardness in performance 
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It is also possible to consider the effect of malnutrition upon the develop- 
ment of sntersenscry organization directly by modifying tr.a grow^n ar.u 
maturation of tfco brain. It should be roncmoerod that increase in coll cytoplasm 
with extension of axons and dendrites, one of the processes associated wata the 
growth of the. human brain at birth, is largely a process of protein synthesis, 
prom the mic r o spec tro -graphic investigation of the reger.erqoxng norVQ iibors 
it has been estimated that protein substance increases more than 2,000 times as 
the apolar neuroblast matures into the young born cell. Perhaps an easier way 
to grasp the magnitude of "this process way be simply to recall that at the time 
of birth the human brain is gaining weight at the rate of 1 to 2 mg per minute. 

Changes in structure of. the central nervous system due to feeding grossly 
inadequate diets to animals have been documented by Lowry and Platt. McCsnco, 

■ el. al. have shown gross alterations in the content of water and several elect- 
rolytes in the brain substance, and Fiennor and associates have advanced evidence 
that interference with protein synthesis in the Drain produces loss of disorde. o 
in mice. Anbrosius, et. al. have reported that severely malnourished children 
shew a distortion of the normal relation between brain weight and total boay 
weight. They have interpreted their finds as an indication of arrest growth of 
the central nervous system. It may well be that so-called critical periodicity 
in behavior represents the responsiveness of the nervous system when it is at a / ' 
stage of biochemical organisation. If this is the case nutritional inadequacy 
may interfere with bo" h staging and timing of development of the brain and be- 
havior. From this one might reasonably assume that failure for inuerseusory 
integration to occur at normal agc-specific points can contribute bo inadequate 

primary learning at the given age level* 

Evidence already exists that ’the lag in the development r.f certain varieties 
of inters ensory integrations have a high correlation wuta eackwaranoss xtx learning 

■ K** 



and Belmont, 
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to read* Thus., Birch and Belmont in their studies of reading d-oaoilic-y xn 
British children, and Kahn a., her study of American school children, have shown 
that backwardness in reading is strongly associated with inadequacy in auditory- 
visual integration,, Evidence is also available that indicates tne dependents- • 
of visual-motor control in design-copying on visual-kinesthetic inge- -native 
adequacy. In a series of investigations of preschool and school children, Bircn 
and Lefford have found skill in visual-kinesthetic integration to oe highly and 
significantly correlated with design— copying in normal children, lx it is r*-— 

' cognised, with Baldwin, that such visual-motor control is essential for learning 
to write, the inadequacy in intersensory organization b’en interfere with a second 

primary educational skill— learning; *oo v-^ito * 

Thus, inadequacy of intersensory development can place the child at risk of 
failing to establish an ordinary normal background of conditionings in his pre- 
school years and at the risk of failing to profit from educational experience in 
the school years. 



The Cravioto study is probably the most significant report rela to pre- 

school growth and development it has been my good fortune to read. This review, 
though lengthy and relatively complete, is not substitute for reading and ro— 
reading the document . : n full* 
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lev, UiJliam and Lineborger, Roberta « Effect of Undernuuritxon on tr*c Siso^ 
rnd Comoosifcior. of the Rat Brain. 5 ' Journal of Nutrition, 96szS>ob, pgs. 
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This study was designed to determine the effects ox 1 various perrons uidcr- 
nutriticn on the growth and composition of the rat brain. Values for body waxgnt, 
brain weight and total DNA, RKA , lipid and protein in the brains of rats on res- 
tricted feed consumption from 5 to 11, 17 and 60 days of ago were significantly 
lower than the values for age-matched controls in each case. Also, the total 
cholesterol, phospholipid and cerobroside content of the brains of rats on res- 
tricted feeding until 60 days of age was lower than values obtained for brains, 
of age-matched controls. Animals on restricted feed intake until at least, x7 
days of ago did not recover any brain ERA or ENA when fed ad libitum until 110 
days of age. Animals on res tire tod feed intake until xl, 17 or 60 days ox age, 
did partially recover their deficit in brain weight and total orain protein and 
lipid, but these values were still significantly lower than normal. Alsu, the 
percentage of lipid in all of these brains remained significantly lower than 
normal. Similarly, the total amount ana the percentage of phospholipid, choles- 
terol and cerobroside remained significantly lower than normal in tae brains of 
rats undernourished until 60 days of age then fed ad libitum from 60 until 110 . 

days of age. Of three major brain regions examined, restricted feeding affected 
the weight and DMA content of the cerebellum most severly. 
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“These experiments control the implications of their study to "the effects 
of various period of undernuti’iticn on tho growth ana composition ox the rav 
brain” • The reviewer finds a sail sf jrins degree of responsibility inherent in 
the lack of extr opolaiivo inferences in tneir reporting* 

The data produced here appears to agree wita the preponderance ^ tne re* 
sorting in this area* It is of particular interest in thao xt tends uu Iona 
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substance to the ” critical porxoa ;i thoclo one Sue*. 

it 8007*3, is the necessary startir.3 point in our ultimate considerations ^20 lo- 

tivc to th\j ^,ore centra i cITgg'SO oi* 
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C^ajRc s D* Me* arid Miller, S 0 A„ “Protein Synthesis 
hr title ally on a low Pro tain Diet©” 
declaration Proceedings 27ul96ci P pg. 727 
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ti*o 1 J- dc-y onCi - o i< P^P £ C/ 4vc» ana -i_n prepare* 0 i o n j © ns ny lXjT3 0 pr»o so 

°f a study 01 the effects of ion protein diets during the prewouning period on 
the iiOii ii.jj. Go v 0 io j ; , 0 pet u L-Om o^. pro w j j.n s v/i oOvSj. s no on a eel moo -..or e main ** 

ucnnco cn a xow proto m diet fox* two and lour a ays * ike cl ret was a 

dilution of rats milk prepared so that only the amount of protein was decreased* 
There wore two groups of control rats in trie experiment]; one group was main- 
tained ay rat mothers and tho other was fed whole rat * s milk artificially ac- 
cora-iig to bhe same schedule cs the experimental animals * At two and four days 
rat pups were infec ted with I 4 -G -leucine and sacrificed from 30 minutes to 21; 
hours later# Laver and carcass ware homogenised and a homogenates were centri- 
fuged and two additional samples were obtained, micro some 5 and supernatant* The 
two control groups had similar rates ox incorporation* When the pups wer© main— 
tainea on 1 who low proto in diet the rate of incorporation was similar to the 
■control values in the carcass at two days and the liver at four days* (Sup- 
ported in part by USPKS NIK grant p-K01-H2«0!3l;6-»03, ” 
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Davis on ^ A. N. and Dobbinn* Jo “Myelination as a Vulnerable Period in Brain 
Development Brll/ish Medical Bulletin. Vol 22 (1) pgs. IiQ-UIa. li>66. 
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Histological examination has demonstrated that development of the brain 
occurs in several successive stages* Thus cellular proliferation is follov/ed 
by growth of cells* axons and dendrites and icier still by myelination* 

There is now good evidence (due to considerable advances in our knowledge 
relative to biochemical processes and chemical construction) to suggest that 
biological membranes are triple-layered membrane structures made up of an inner 
lipid layer sandwiched between two outer protein layers (Robertson * 1 959). 

X-Ray diffraction and electron-microscopic studies show that the myelin sheath 
is composed of numerous lamellar wrapped about the axon* each lamella consisting 
of two unit membranes derived from the plasma membrane of the parent oligoden- 
dro glial cell* 

Myelination occurs at different times in various areas of the nervous sys- 
tems and its time of onset varies for each species* The process is preceded 
by a proliferation of oligodendrocytes (Bensted* Cobbing* Morgan* Reid* Payling 
and bright* 195?) and by the accumulation of hydrophobic lipid droplets in 
the neuropil* firstly in the spinal cord and later in the brain* Recent i^ork 
on the accretion of myelin lipids during development show .? that* after an early 
period of rapid growth* this ’process continues for a long period; for example* 
the human brain increases rapidly during the first several years of life* then 
papers oxx bus does noo suop grewon in ggnt uahix adolescence* bince t.iuc n of 
the increase in wet weight of the brain during the later phase of development 
is due to deposition of myelin* it is possible to attempt a qualitative com- 
parison of the process in different species* 

although histochemical and chemical methods may indicate the onset* local- 
isation* rate and extent of myelination* they provide no information on the torn- 
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ovor of its components* V/aclsch, Sperry and Stcyanoff (1910) and Buocn, Borg 
and. Rittenberg (19U3) first sugges'e-oa mat adult brain cholesterol, u.ii....e 
that oi* other organs , was metabolic ally stable. There was little incorpora- 
tion Ox deuterium Iron ingested heavy water and deuterium— laoelled cnOiG^ oerol 
in the adult brain, oven though there was rapid uptake in^o uhe urain -ca-pios 
of newborn rats. The apparent metabolic stability of myelin constituents, 
once laid down, makes possible the use of analytical procedures no measu* e 
brain growth* Consequently in the mature brain, ror example, once myelination 
is complete, it is unlikely that stress such as undernutrition will appreciably, 
reduce the amount of myelin, and this couxd explain some of the findings whic** 
have led to the belief that undernutrition "spares” the -adult brain. 

It therefore seems reasonable to propose that undernutrition (and any 
other stress) will vary in its effect on myelin according to its timing in 
relation to the process of myelination. It is also possible that me character- 
istics and extent of the "catch up", on the return of favorable circumstances, 
will depend similarly on the timing of the stress 5 and even if metabolic der- 
angement be corrected, it may be possible to compensate subsequently for develop- 
mental abnormality (see Eayrs and Levine, 1963). The nypothesis may bj-so be 
extended to other matablaically stable brain constituents such as UNA and hence 
to c e ilula r i ty * 

In reviewing the experimental evidence for these proposals, tne species 
i differences in the timing of the parioo. of maximum rate of myelination relative 

i 

to birth are of vital importance. Tills is particularly true * 01 * tuQ wc.rapOj.u- 
tion of findings from one species to another, which may well be otherwise quite 
valid, because of the species similarity of chemical composition and metabolic 
behavior. Tentative extrapolation to man would place the human infant’s vulner- 
able period from about the seventh montn (mt re— uterine ) uo tne firm, xew months 
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of postnatal life* The full-term rxrwborn* and even more so the prematurely 
born infant, would thus be at special risk from external factors in this respect 

as in so many others (see higgles worth $ 19 oo)« 

The question arises as to whether or not animal experiments are relevant 
to the human species > Most of the animal nutritional experiments have involved 
a degree of undernutrition much more severe than any likely to occur in the 
normal human being. Nevertheless* it may be (see* e,g, bobbing* 19oU) that 
quite minor deprivations applied during the vulnerable period can produce signi- 
ficant changes* Thus it is possible that low birth— weight without chronologic 
cal prematurity* or the relatively low birth —weight of full terra infants in under- 
developed countries (Brown* 1966; Wiggle swortr., i 960 )* are examples of the 
application of comparatively small restrictions during intre -uterine life at a 
vulnerable period for the human foetal brain* The prematurely bom infant 1 s. 
brain* however* may be much more susceptible to deprivation* because it would 
normally be protected to a great extent in utero at this vulnerable period of 
development/ . 

Of most concern is whether comparatively minor early stress can produce 
permanent changes resulting in intellectual, or emotional impairment; and secondly * 
whether* if whole body growth is controlled by factors in the brain affected at 
this time* human body siae can be permanently reduced as it can in animals* 

There is little real evidence in man for either proposition* but this may be simply 
because it would be difficult to collect. Factors affecting eventual 11 inteu.x.~g*° 
once ' 1 as well as body— sise are multiple ana interacting* ano many 0 ^ the betoer— 
known ones (such as social status) may mainly operate* if at all* later than 
the period of maximum brain growth, Nevertheless there does seem to oe ultimate 
psychological -impairment in infants of low brum-weight (Harper and v/iener* 1965)# 
Early infantile undernutrition may also act similarly (Stoch and Smythe* 1963) 2 nd 
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, , , ... ,,.f. rj r f .w Of J.riWlJ.oC uuuX P^ 1 "' 

j.-] v born su f '! T cs J X'fi orici •-* j 

it has recently e>ucn «>u oa ,w __ _ , 

. . . c-rola in babies whoso severe degree j- 

reduced by undernutrxbxoa may oe ^,sxc 

if they are malnourxshea euucr, 

ku^hlortor occurred ertor six « or e E o. if the, 

,. • , o1 ,, c r u , 1 da ,,a E o may bo permanent (Cravioto end Robles, 196,). •»« - 

tne xntelu.ee o-ao-x j 

. i -‘..Vi inion'ot'iic spontaneous ny** 
cidence of permanent brain damage assoexateo w.a *“ 

i. ^ . 7 ■wof'ore si_>c don't ns 
i ** n iLx^ x £**\"og t) ssnt/j-n^j 

poglycemia is also much greuuu ~n xi.x •' . 

- ►•/.■i-fvTipctua" 1 development of p nen/— 

(Haworth and Cooain, 1^60) a > - , ,, , r tq62 • 

,. wve myolination (Crow, tjra* •»“ ‘■° olr > i9 ° 2 * 

Ikotonuria is associated witn ce-tco-v. ..y 

. s^iP remains uq 

,, . ... Hab , 0 Wang and Akert, 196h), although a causal it-at-o...,..i ? 

V/axsman, tidb-uj «u“b u ** 

, - c-c^nty information available acouc P i** 

bo demonstrated. Unfortunately Ww - •/ “> _ only 

, ■ , a l-te* on’ y to fresh brain vet weight, ana scmetiMo 

effects on the braxn reldua^ on-v oo x 

, t . bo th or which have boon * * to be unreliable guides - 

to head circumre*w.-^e, uuon 

brain composition in experi^ntsl animal undernutrition. 

- slower rate of development exhibited throughout childhood an 

Whetcer tne oxouei , 

, .. ..a .Tailor body siae (Tanner, 19ol) could oe 

children with late adolesoer.se ana ,* or y 

% A cr A i urely speculative but, tne 

the result of similar early deprivation is agax 

a ^ - >rt during the vulnerabJ ,a 

' smaller the stress required to produce such an .00 durxn,, 

v There certainly seems to 

noriod, the more reasonable this emanation om. 

; a some correlation between small stature and .^actual performance child- 
ren (Scott, 1962) and in adults (Sohreider, W«, 6c.tt. Ulsoy and Thomson, 

. 1936 ). 
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T - oe Davison and Dobbin, paper impresses as bein s adequately thorough in i«' 

consideration of myelination or, the consequent relative significance to total 

, .... -- -, b - , literature incorporated in the paper, 
brain development. The review Oi - 

sug-ests reasonable completeness and mutually supportive reciprocity. 

* xt is most unfortunate that this article and a closely correlated paper re- 
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ported by bcr.ton and o there ^ 1 9^6^ -puoxxched a x mu lie r i c o u s x y # i::o vwo ar or- 

ioles cl Tier quite markedly and cigriixcaxibly in TCiOxr anaxys^s oi tne uu. uimuw© 



effects of encumbered rryeli ration during 
It would have been most valuable to have 
at least one of these expert sources * 

The reviewer suspects that such cor; 
if ication of the t; critical period” do fin 
in the histological and biochemical eval 



the » critical period 11 of its growth# 
available comparative comments from 

rr.entary nay have well considered a nod- 
ition or a critique of the nodes usea 
,u.a exons «> 



The differences > that are reports' cr~m'^~tirg the dxsturbance o - 

this growth period in brain development must elicit some response© 
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Dayton, Delbert H. "Early Malnutrition and Human Development" Childr e n , Vox. lt>; 
p. 210-217 , Doc. 1969. 

• More . studies are needed to definitively assess the relationship between 

malnutrition and. mcirta-L development# 

One promising study is occurring in Guatemala where groups of matched 
children are to be watched from birth to 7 years of age. One group wxxl live 
on the customary diet, the other is being provided a nutritious supplement. 

The preliminary data of two nutrition surveys supported by the Department 
■ of health. Education and Welfare and Public Health Service, indicate that mal- 
nutrition among certain groups of children also exists m tne United States. 
Though the problem differs in cause and degree from that in developing countries, 
the basic questions of the relationship of mental development and malnutrition . 

are the same . 

More information is needed regarding maternal nutrition and its effects 
since it is known to be associated with increased rates of morbidity durxng 
pregnancy and of premature delivery. Evidence is increasing that the nutritional 
experiences of the potential, mother before conception may also be extremely 

important to subsequent intrauterine growth. 

Some studies have shown that breast-fed infants in developing countries 
■' have patterns of growth similar to well -nourished infants m North America 
during the first six months of life. After this point, breast milk alone may 
not be sufficient to. sustain them or the child may be weaned and the child's 
growth begins to diverge from the North American standards. Children in certain 
- poverty groups in the United States seem to have the same nutritional problems 
at the age of weaning as children in developing countries. 

The classic severe protein malnutrition (kwashiorker) often becomes evident 

around ’the age of 'two* 
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Mental Development 

Studies of animals have indicated that growth in all organs occurs in 
three phases: 1. hyperplasia* during which the number or cells increases; 

2, hyperplasia and hypertophy* during which the number of cells continues uo in- 
crease and the siso of the individual ceils also increases; and 3. hypertophy* 
wher© growth occurs only oy increase in caul slue* 

paste studies suggest that during the phase of hyperplasia* malnutrition 
. can interfere with cell division* resulting in fewer cells in the brain; which 
seems to have a permanent effect* whereas malnutrition ^uiung t^ype*. u op^*y i^oulta 
in smaller than normal cell size* which can be corrected by providing adequate 
nutrition* 

In humans* the brain grows most during. the fetal period and oy tne end oi 
the first year has assumed 10% of its adult weight and by the end of two years 
is nearly complete in growth. 

Validation Needed 

Past studies have shown significant differences on mental tests between 
malnourished children and better nourished children in the control groups. 

For example* Stoch and Smythe* in South Africa* compared marasmic children 
to a matched control group over an 11 year span and found the experimental group 
to show significantly lower results than the control group on pnysical measure— 
ments (height* weight* and head circumference) and one various intelligence 
tests. Differences were especially significant in visual-motor utility and 
pattern perception. Although environmental and other causes are suspected to 
contribute to the results* the smaller head circumferences suggests tout a 
stunting of the brain' growth may have resulted from malnutrition* 

:'~u: in Guatemala demonstrated differences using a battery Ox psyenological 

tests in terms of short-term memory* between a rehabilitated group of severely 
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malnutritioned children and a similar group who had naver manuiestea ovcro 
signs of* severe r-ist Xnux* x* i.'u i o n * 

C^avioto^ in a laier GuaiGrrjaian s'oucly^ correlated sta^uxe vio*» nouio 
integrative function and found those with lowest stature produced the greater 
number of errors on intersensory testing. However other than malnutrition may 

be a factor® 

More studies of mental development and its malnutrition as measured by 
psychologic tests are needed. At present, most studios have been cross-sectional 
vjith little from longs tudinal studies which follow the same children over an 
extended period of time which are needed to prove a causa and effect relation- 
ship between nutrition and mental development. Other factors can affect. a 
child's mental functioning and need to be differentiated from the effects of 
malnutrion as well® 

Nutritional Assessment; 

Growth retardation and. various clinical syndromes resulting from malnutri- 
tion in animals and man have been in the professional literature for many ye cus. 
Cicily Williams in 1931, first described kwasbiorker while in Africa on the . 
Gold Coast, the main cause of which is an extremely inadequate intake of pro- 
tein foods. She described the main clinical features which if unchecked lead 
to marasmus and eventual death, but also produced cures by feeding milk to 
children suffering from it, thereby showing that this was a disease of mauutri- 
tion* 

Surveys to determine the prevalence of protein-calorie malnutrition suggest 
that perhaps two thirds of the children in developing areas of the world are 
not getting enough to eat. Although only $ to 10g of these children exhibit 
kwashiorder, it would not be unrealistic to state that at least pO uo 75# ox 
the children in the developing countries have a degree of malnutrition that nas 
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caused physical growth failure as evaluated by height and weight data and 
assessment ox bone developments Nutritional pro blares in the Uni too. S oa 0 C 0 ^ 
though less extensive , do exist* 

An assessment of the nutritional status of a population, including ident- 
ification of deficiencies, is essential for sound social and economic planning. 

In studios of bone maturation, radiographs have shown significant differ- 
ences between well-nourished populations and poorly nourished populations. 

Also more sensitive biochemical determining tests are needed for the eval- 
uation of individual, nutritional status. Early, less severe malnutrition is 
presently difficult to detect* 

The effect of infectious disease on the malnutritioned child is an im- 
portant consideration. The synergism between nutrition and irifection complic- 
ates any prediction regarding the development of the child caught in a complex, 
net of nutritional deficits, prnr hygienic conditions, inadequate medical care 
and sociocultural patterns . that tend to perpetuate such problems# 

Some Solutions? 

The obvious solution, providing food, is an oversimplified solution to 
a complex problem. Surpluses of food around the world are swindling and the 
high transportation costs and losses due to spoilage, rodents and pests are a 
problem. Supplying foods can be only a temporary solution. Ultimately it must 
be produced in the areas where needed# This doesn't solve the problem in pros- 
perous countries* Nutrition education, along with a nutritious, inexpensive 
food supplement acceptable to the people in need is most important# 
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The author offers information not frequently mentioned. The three phases 
of growth in organs is one* Also the studies of bone growth, comparisons are nov 
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widely discussed* As to the 
to surest local growing of 
will suffer the effects of rr; 



author 5 s conclusions * in theory it is rca 
crops ^ but it is obvious i hat Innumerable 
lalnutrion before this occurs* 
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jv;, :, The Effect of Ursdcmutrition and Subse- 
quent Rehabilitation on the Growth and Composition of the Central nervous System 
of the Rat," Brain Research > Vol. 90, pgs. 897-905, (1967) 
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Weanling rats were undernourished until they v/ero 11 weeks old* So^ie of 
them viora then allowed unlimited access to food for one* two or eight weeks* 

The effect of undernutrition and subsequent rehabilitation on the brain* and 
on the weight and t? thickness 11 of the spiral cord was skuciicd* liie cuain <*nd 
the cord were analysed for water* total nitrogen* total phosphorus* D^A—P and 
cholesterol* 

The weight of the brain of the undernourished rats was appropriate for 
their body weight* but the cord was heavier than normal due to its greauer 
thickness* There was a positive correlation between the weight of the brain 
and the length of tne skull* 

There was no significant difference between either the concentration* or 
the absolute amount of DSA— P in. the Drains of the expenmental animals and their 
controls* The ion of cholesterol in the brains of the undernourished 

animals was i m normal brains of t. acme weight* and slxgnuly higher 

r in those of the same age* 

In the spinal cord undernutrition prevented the norrfial fall in une con^Qnurs* 
tion of DNA-?* The concentration of cholesterol in the cord increased during un- 
dernutrition and was not significantly different from that in ftornal cords of 
the same age* 

The effect of undernutrition of the severity imposed on weanling rats were 
transient* and in some cases were corrected by rehabilitation for two weeks* 

The results of this study ana those of Dabbing and. VJeddowson (j-9oS>) suggest# 
that whenever growth of the brain is retarded without seriously affecting its 
composition and its proper relationship to body weight* lull rohabilioation will 
be possible. .When* however* undernutrition begins before the brain nas reached .. 
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its mature composition, the concentration of its constituents are appropriate 
to a younger animal, and, as with the pigs (Dickerson et al., 1967) rehabi- 
litation may not be complete. The factors which determine these parameters 
appear to be the timing as well as the duration and sevr^fty of the underaut- 

, ration. 






b 



^r\ 



n 

U 




Eichonwsld, Keins and Fry, Peggy Crooks* 
Vol. lo3 s p. 6UU-6U3, February 1969a 



Si i. r utriton and Learning" 5ci.cn 



For some time, it. has been scientifically accpp table to ascrioc many be- 
havioral characteristics to conditioning* Research as recently indicating, no.v- 
ever, that it may rather, be biochemical conditioning* The autnor suggests that 
Inutrition not only affects physical growth but may produce irreversiole 



ma 



d 

ERIC 



mental and emotional chances# 

Various studies using animals have shown that inadequate nutrition C calories 
and protein) coinciding with t ho period an liie an vnich the b^ain is growing 
most rapidly* produces, a brain not only smaller a a maturity than an control 
animals but also one which matures biochemically and functionally ao a slovior 
rate* Studies do not indicate* however* if the function of the brain is perman- 
ently altered itfith short term simple undernutrition of the weaning period* The 
timing and duration of malnutrition during infancy is probably critical in 
determining whether anatomic and biochemical damage can be subsequently healed* 
The results of one study appeared to show that restruction of calories may slow 
the rate of cell multiplication, (maturation) whereas later restraccion affects 
only cell size (growth*) Data also suggests that inadequate protein nutrition 
or synthesis or both * during brain development result t functaon 

and that* if the., degree of deprivation were sufficiently severe and prolonged* 
the changes in function might be permanent 

So in animals* the simple calorxo depravation during the n ursine perxod 
apparently results in behavioral changes but aoesn 8 1. seem affect ios proolem 
solving ability* Protein deprevation causes behavioral changes and also reduces 
the capacity of the experimental animal to learn at an early age - as as the 
case with those with malnourished mothers* 

The author also discusses the relationship between nutrition* growth* 
infection and the environment and suggests in the more complex case of humans* 
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those environmental factors undoubtedly co^r-buto significantly to the - - fects 
of malnutrition on behavior and function. The intellectual attainments of 
children who have recovered from a clinically severe episode of protein-calorie 
malnutrition are consistantly lower than those of individuals with adequate 
nutrition during insane y# 

He goes on to reiterate tine need for further research and naans for w- 
plemerrbing err e~i»ive plans « 



One point the author makes worth noting, is the difference between simple 
calorie deprivation and protein calorie deprivation. In the United States, 
one might assume that protein calorie depravation would be the most prevelant 
of the two and according to the author, tn© 'most critical. 




O 

ERIC 



71 




fnj 




i i 

v^' 



i n t 
\=h 







o 

ERIC 



Frisch* a. L. "Present Status of the Supposition, . *.u_yrv 'it-wu ^ ^ 

Permanent Cental Retardation 1 ' Ayer. J. Clin. nuto* v ’ oi * ^ i> * J ' u> ' 

ruary, 1970. 

The author suggests that Vcu.au of -one a atom cure paoxioAise suppoi ^he 

supposition that malnutrition causes permanent retardation is neu oai,ed on. 
conclusive scientific evidence — and is indeed the purpose oi uhi^ .article • 

The author will discuss only direct evidence -actual tests of mental ana 
motor abilities of Hialnourz.sh.ed children# 

Experiments with animals and resulting conclusions may now relate to 
hjonans because the period of critical brain growth for humans is the last few 
weeks of intrauterine life and the first feu months following birth - quite 
different from animals* 

Kwashiorker (acute protein-calorie malnutrition) is discussed in the light 
of three studies. The conclusions seem to show that children aoove 15 months 
of age are not permanently retarded by extreme malnutrition j the evidence is 
inconclusive for children below six months and nothing is known aba it children 

between six nnd fifteen months ox ngo* 

The difference in reversibility of the effect of malnutrition seems to be 
the age at which the child is affected. In less developed countries the babies 
r S eem to be protected since they are nursed to six months of age.. Recent early 
. weaning trends in Latin America appear to be causing non-reverslble effects in 
mental development due to inadequate . quality 9 high starch, low nutrition foods 
and hygiene. It appears that the greatest risk of irreversible brain damage 
occurs with children who suffer depravation before birth (considering tno 
critical period of brain growth is in its peak near birth). Such children 
include . those who suffered from placental restriction at this time and are .. 
found in all societies* 

The next aspect of the mental development problem concerns chronically 
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malnourished children. Such children test lower than normal but are not men- 
tally apathetic to stimuli in their environment as are those with kwasniorker. 

The main problem horc becomes the basis of uhe test results. Is iu due oO 
poor brain growth or damage, reversible or irreversible, due to malnutrition 

o t cultural environment? 

The author questions the validity of the conclusions of Stoch and Smythe 
and others who maintain that the smaller head circumference found in children 
experiencing severe malnutrition the first two years of life shoves the irrevoc- 
able reduction in brain size and resulting restriction of intellectual devel- 
opment as shown. by smaller than normal head circumference. Rooinow and 
suggest that in such children, she skull is thinner than normal. In addition, 
others show that children with reduced head circumference in fact have brains 
of normal weight. Normally there is no correlation between head circumference 
and intellegence . The inferior performance of such children must be due to 
either cultural depravation or brain damage (reversible or irreversible) con— 
eludes the author «> 

■ Konckeburg, who studied malnutritioned children in Chili, in using the 
Iowa Reference Standard and in being uncertain of the quality of follows*’ through 
upon which the study depended, made an unwarrenW — J - u - J when ^e.stauea 
that brain damage in infancy is permanent at least. up to the sixth year of lue, 

despite improving nutritional conditions. 

After mentioning some inconclusive studies, the author gives a reseme 01 
Skeel's study using mother surrogates with an experimental group of 13 in a.. 

■ orphanage where it was found that the experimental group gained an average o_ 
2813 I.Q. points (11 of the former maintained and increased their earlier gains 
in I.Q. after being placed in adoptive homos. The two who ware kept in t no 

orphanage declined in mental grower.. ) 

The author concludes by stating that “long-term studies which attempt to 
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effects of xnalnourishmcnt on the 



of environment on mental growth and possible 
central nervous system in children a re now in 



progress.. •" Until conclusive evidence is available* 
not be treated as facts and millions of malnourished 
coridamened as permanently retarded* mentally.* 1 



however* 11 surmises 
children should not 



should 
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The evidence available in the area of malnutrition and its eii.ee ^ upon 
mental development is so varied that one can compile studies tha o support 
his preconception on the topic. Still* the more important poinu is uhau we 
cannot continue to allow malnutrition to oe a vmy of liie in many parts ox 
the world and certainly we have lituXe excuse xor it occurring in the United 
States * Since there are studies that show malnutrition to be a contributing 
factor and since it is physically uncomfortable to be hungry* why oe concerned. 

' so greatly about providing the pure research so many are claiming vro neea before 
we can act? Regard? ess of its revocability or irrevocability* we should be 
making a concerted effort to eliminate hi gc .. . 
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,. i . r>,.~n o -**r\ r,-.v<-a« and Pivchik 3 Elizabeth. 

Glaser, Helen, Keagarty, margareo, -. a -~iv- failure to Thrive" 

"Phvsica!) and Psychological Development o. va.n .u-y * alxUi to 

JbS^l ^/ Pediatrics . Yol> 73, p. 690-705, llovemoer, x*». 

Thi§ ItdSy examined fifty children who nere hospitalized with the failure 
to thrive syndrome which includes a broad spectrum of disorders which encom- 
passes difficult diagnostic problems requiring Giscr^nouion between suotle 
organic diseases and complex social and emotional disorders. 

Failure to grow in size, to gain weight, or to d evelop ‘ i0u0 * s^-ll- 
- bheemajor complaints presented by the parents of the fifty patients who came 
from all social strata. The children wore pale, malnourished, showed loss of 
subcutaneous tissue and muscle mass, wore below normal in height and weight. 

The infants were lethargic and apathelic. (The age range being fifteen under 
6 months, thirteen from 7 to 12 years, ten form 13 to 13 and twelve over 13 
years old. Upon discharge, they were returned to the care of their private 

physicians* 

A follow-up stuc-y. revealed a substantial incidence of continued growth 
deficits, both in height and weight. Mental retardation, emotional disturbance, 
and family dysfunction were commonly found, although a minority of the child- 
ren from adequate home environments appeared to have recovered spontaneously 
without dotoctablo seQuolae# . 



The age span of the children and sparse information given about them, 
.make it difficult to comment about the study. It would be benaficai do note 
similarities within the group that recovered spontaneously among other things, 
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•Graham* Gcor e e. "Effect of Infantile Malnutrition on Grovr'on" Fe^r^^ n ?-o 
ceodirvrs* Voi* 26$ January- June: d 19o ( . 

“In this article Mr. Gratae, reports iota associated with tne oosurvation 
of fifty-three severely malnourished infants and children -olloe-d .or -n 
average of 3U months after hospital admission and under a variety of circum- 
stances. He reports that although the prognosis for growth can be improved 
by optimum diet, severe deficits seemingly cannot be made up, particularly 
the deficit in head size. Although radiological bone age parallel- heights 
age and suggests that the duration of linear growth will be prolonged, com- 
parison with the growth of a' much larger undernourished population suggests 
that this will not be the case and that most of the children will be per- 
manently stunted." 



Mr. Graham’s paper, although reasonably informative j-ti terms of g.ow-h 
charts, only by inference relates itself to the more consequent issue of gen- 
eral social implication. Possibly a different greater latitude in comparable 
analysis and correlates would- reveal more in this area. 
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Qi^anofTp Danj Howard j Evelyn o 1 : Ma inu t r i b i o n an xnzancy and drain ^ ^ v eiopu&cn ^ • 
The Journal of Pediatric 5 ^ Vol c Ko» 1 j October J.961; ^ p£s „ 732-733* 
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Data collected in 1965 indicated that brain growth and cerebral DU A are 
significantly reduced by food restriction or other stress between 2 and / days 
of age (in rats), and these changes ere not fully reversible even after pro- 
longed real ime n ta tion • Winick (1969) failed to observe a reduction in cerebral 
BNA at 8 days of age. The difference may be procedurals Gran off enforced food 
restriction by removing the young to an incuoator for 16 hours per day, walls 
Winick set up large and small nursing groups# lx. is suggested that a lactating 
female rat may -be able to supply more nearly adequate nutrition for a group of 
.'18 pp to 10 days of age, but that later when demands are maximal the relative 

restriction increases « 

In the normal mouse $ between 2 and lii days ol ago# cere oral and cerebellar 
DNA increases 25 and 580 per cent respectively. Food restrictions between 2 
and 16 days of age result in permanent reductions in brain size and DMA in 
adult mice. 

The importance of regional DNA determinations rather than analysis of whole 
brain was also evident in a recent study of DMA xncroase during development Ox 
the human fetus (Howard, Granoff and Bujnovssky, 1969). Cerebellar DMA was 
found to increase exponentially as late as .30 weeks 1 gestation in the hjxman. 

In contrast, the rate of increase in cerebral DNA ha 1 begun to decline by the 
fourteenth week. ■ 

The deficit in the cholesterol, per milligram of tissue, in the cerebrum 
of adult mice that underwent food restriction in infancy is ratner small, on 
the order of 3 or U percent (Howard and Granoff, 1968). ihis reduction in 
cerebral cholesterol might reflect a reduction in either myelin or total cell 
v surface area associated with a selective suppression of certain neuron types. 



o 



and not necessarily an irreversible interference witn myelin -3 yn ^nc s :n ^ CwX ~* 
The functional significance of these alterations an oiain corn^-jo-t-o.i 
further clarification. Animal learning is presumably subject to complex in- 
fluences and are not always amenable to the extrapolative presumption so readily 
found in the literature. 
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This article 'was primarily a response to the Winick paper presented in the 
M?>y 1969 issue of this journal. It appears in the form of an addenda a^d, a. 
such, supplements the previous paper in some rather significant ways. Of par- 
ticular interest were comments relative to the complexity of measuring animal 
learning in a meaningful way and those relating to the minimal reduction of 
cerebral cholesterol in adult mice (after malnutrition). This later bit of 
evidence influences the arguments perceived between the Davison (1966) and 
Benton (1 966 ) articles included in this review. 
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Gvor-rv.-, Paul,, "Protein-calorie and Vitamin A Malnutrition in Southeast Asia'- . 
Federation Pro ceedings , Vol. 27, No. 3> « 9i;9-953, May-oune, Poo. 

The gap between the affluent few and the hungry millions is widening ana 
may become unbridgeable if properly directed efforts fail. The hungry people 
need food/ improved living standards, and the hope for a better life, if not 
for themselves, at least for their children and succeeding generations. 

In many parts of the world, especially in the rice-eating countries of South- 
east Asia, up to 70-80^ of the preschool children are undernourished and have 

■ no opportunity to develops their full potential. With rice as the staple food 
of the population, the growing child receives insufficient amounts of protein. 

Even the caloric requirement is not covered since the young child is unable to e a «. 
adequate amounts of bulky boiled rice. In countries like Indonesia and also 
Thailand, especially in the northeast provinces, the diet is also poor. in vitamin 

A. 

These Indonesian studies found a very significant growth re oar da ^,ion amount— 
ing, in comparison to the American normal values, to 3 months for a 9-month-old 
infant and to h years for a 12 -year-old Indonesian child. This phenomenon, call 
by Ramos -Galvan (1966) "rheostosis", is an impressive manifestation of metar olic 

■ adaption, the nature ox which has not yet been elucidated. As recent anthropolo- 
gical studies from Japan clearly indicate, this adaptive retardation in length- 
growth is due not so much to • genetic as to environmental factors, especially 
nutrition. 

In t.._s study a statistically significant positive correlation was fou^d 
between weight and height measured in 1963-J-9&U with the original classification 
1937— 19t9 in groups (a) acceptable and $ 0 ) malnourished, ana especj.aj.Ly marked 
in (c) the group malnourished with vitamin A deficiency, xo is of inheres l. tiwt 
the serum vitamin A levels were significantly higher in the mothers of the sample 
is compared with all children (h$ mothers' and 110 children comprised sample). A 
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significantly lower I.Q. wee found in 1961; in children who in 19^7-1 9$9 had 
shown malnutrition combined with Vitamin A deficiency. Using the dioctro- 
retinogram ns a response criterion, eye disease was also found to correlate 

highly with the blood serum vitamin A levels. 

In extensive studies in Thailand on blander stone disease, observations 
were mad which appear to link the epidemiology of the disease with low-protein 
intake, as one of probably several etioiogic factors. As circumstantial evidence 
for this assumption may be mentioned: 1) higher incidence of the disease in 

rural, compared with urban areas j 2) dietary habits in the village, such as 
early supplement of rice and bananas to young, even to newborn infantsj and 
3) low sulfate and phosphate excretions in the urine. 

Improvement in nutritional conditions, in anology to infectious diseases, 
should center preferably on preventions and not on therapy. Permanent damage if 
caused by early malnutrition can be eliminated only by timely preventive action. 

These studies further, appear to substantiate that "self-help" and "condition- 
ing" of the village people to use proper food more or less as "medicine" is 
possible. "Hand outs" will not guarantee success and are often resented by ths 
people. Maternal and child care centers, as important as they are. Will not re- 
place the "attache" at the. grass roots level — in the homes of villages. Thus, 
it is no surprise that all the well-meaning efforts of the governments, as well 
as foundations, religions and private, organizations' were in the past 20 years 
largely unsuccessful with regard to improvement of nutrition and general rural 
rehabilitation* 

Experience in highly developed, countries has shown that improvement ox the 
standard of living leads to reduction in family sxae. Today* better liv-ng stan- 
dards and family planning must go hand in hand* the situation ns so urgent* 



Dr* Gyorgy and his associates have* with Cavxoto and VJyniche* accomplished 
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a significant, penetration into the dark area of 
humans. Direct results from these efforts are 



actual nutritional studies on 
infanitely more meaningful uhan 



extropolations from other animal data. 

Even more than the others., Dr. Gyorgy has some taste for how remedial pro- 
cedures may be conditioned within particular populations. Thats where all 














Howard, Evelyn and Granoff, Dan. "Effect of Neonatal Food Restriction in Nice 
and p.rain Growth , jJiliV and Cnoieotorol , anci on -“Oulu Delciyecii^apo..ov> 

Journal of Nutrition, Vol. 95i Pgs* j.1— j.21^ -^oS. 

This tudy was designed to examine the long-term effects of a ismixed per- 
iod of nutritional restriction on ultimate brain sice and functional capacity. 
Experimental mice were intermittently removed from their mothers during the pei- . 
iod of rapid brain growth between 2 and 16 days of age, producing a 51 A reduc- 
tion in body weight compared with littcrmate controls* Thereof uei obey v.c 
fed adlibitum. At 9 months, hoc. cerebral and cerebellar weights were reduced 
in the males by 17, 7. and ll r; oectfvely, b_low con.rol values. Total -~*A 
was red. sod Q% in the cerebrum a i 22# in the cerebellum. Ccrobral cnoles -orol 
was reduced slightly. Despite these brain changes, the restricted group showed 
no lasting impairment in voientary running, in learning a Lashely typo XII maze, 
or a iisual discrimination with escape from water as a reward, the restricted 
males showed an unexpected improvement in learning a delayed response task. 

The restriction experience may have altered reasetion patterns so that the res- 
tricted males were able to more than compensate for any possible handicap due 
to the nutritional deprivation. The restricted females did not manifest this 
improved performance, and their final body sise reduction exceeded that of the 
males • ■* ! " •* 



In light of the authors' stated purpose, "to examine the long-term effects 
of a limited period of nutritional restriction on ultimate brain sise and function 11 
this study is of significance if' only in terms of the dangers of eXi.ropolat.ing 
data prematurely and in too gsnoral a manner. Certainly there is general concern 
relative to the effects of malnutrition upon the ultimate human function. And 
often this concern has led to extropolataons wmch are questionable in uerais oi 
the emperical evidence available. This tudy demonstrates the dangers of this 
Without thorough consideration of the many variables involved. 
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Loland, Henry. "The Relationship Between Intelligence and her real Rotarda^xon" « 
American Journal cT Ken tax Dexicxency , lol. 73 i 19o9, PPD°* ' ? - > b“.33d» 

An appropriate classification system must take into consideration ootn 
"bookkeeping" and diagnostic needs® Such a system, must serve the person being 
classified* It must be relevant to the aatment, training, or rehabilitation 
needs of the specific individual® It is ' - ■ to our advantage to dichotomrs© 
mentally retarded groups based on presume;. : :i tog:. •>. Most of the . .onto. _y 
retarded with whom we hope knowing contact :o i >eled because of male. - 

doption and behavioral difficulties® The enu serv_ cable classifies. tior 
system is one which groups individuals by he abi-ity to cope with specific 
critical demands and which provides a guide 
of these behaviors. 



the modification and reversal 



No doubt Dr, Leland has made a viable point in this article. Change an 
this direction has taken place and will continue. The slowness of this progress 
however is thought, possibly, to be the result of convections the presently, 
such change, is simply to the less arbituary® No ultimate—— all answering——- 
' beomedical. diagnostic labeling is within sight. ' 
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'.•« 11 Antenatal Malnutritions Its Relationship to Subeoouent 
.... /clopiiicnt« :v American J> Qbstet * Gyrgc . Vol. 105* p a 1150-9* 



The basis for this review rests upon the hypothesis that malnutrition prxor 
to birth relates to subsequent and specific developmental .uens* Much oi the 
da ta available is of an indirect nature* Most of the clinic neurological* and 
developmental data deals with children and have a primary pea: -.trie focus rather 
than obstetric data. However* much has inferential importance for this area* 



Experimental animal studies s 

Animal studies such as by Jackson and Stewart, Widdowson* Dickers on* and 
McCance* Davison and Bobbing* Dickerson* Bobbing and McCanco * have demonstrated 
that maturational development , including brain development* can he adversely 
affected fey finite periods of undernutrition at different ages in the maturation 
of animals. The earlier the nutritional depravation* the more profound and 
irreversible were the changes studied* Dickerson and Cobbing postulate that 
the effects upon the brain would have been even greater if the undernutrition 
were begun during pregnancy* 

Platt and co-workers* in London^* found that extending the malnutrition to 
encompass pregnancy has resulted in clear signs of neurological involvement 
among dogs. Athetoid movements of the head and neck*, ataxic gait and epileptiform 
convulsions have been observed. Electroencephalograms have demonstrated an 
access of irregular, slow activity of large amplitude and multifocal spikes and 
sharp waves* particularly during sleep. (This has not been noted in pups born 
of well nourished mothers.) Vfhile the clinical changes seem to be reversible * 
gliasis and central nervous, system cellular damage have not appeard to be com- 
pletely reversible* . 

Cowley and Grisel in South Africa attempted to carefully study the effects 
of a low protein diet prior to and following birth upon successive generations 
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Q r, white rate. Retardation of grow oh was observed, and mortality rates /.ere 
high* Though no differences were observed in exploratory behavior, there was 
marked difference in intelligence die tween the orf spring oi tr.e o.perime.itai <*n& 
control groups. The low protein rates scored lower on the problems of ohe 
Hebb -Williams test and took longer to reach the goal box. In the ioilow-up 
study, the first filial generation low protein rats were mated at x20 cays 01 a, • 
with normal male laboratory rats. Their offspring were- con inued on lo.. p, o wein 
diets and were studied as a second filial generation of low protein animals* 

The low protein second generation pups demonstrated marked abnormal! vies a. 
compared to the other two groups. Less normal head and limb movement, less 
coordinated exploratory behavior, slower maturational development, a greater 
lag'ir, age reaction to sound stimulation and less intellegence were all notea. 

This suggests cumulative effects over the two generations « 

Human studies s 

Information here is less precise due to the complexity of interrelated 
. issues which tend to confound human data. Biologic, environmental and secondary 
■ factors maybe associated with conditions of -malnutrition . 

■ Edsept in Lime of war with deliberate starvation created by aggressors, 
pure malnutrition is hard to isolate. Usually, malnutrition among humans is 
borderline in degree and data may be difficult to interpret* 

Methods of developmental assessment and psychologic techniques have been 
crude and often not predictive, further investigation is needed here. 

The most retevant data of a detailed nature related to reflexes came xroe 
Russian laboratories in the study of children. It was demonstrated tea. ma*.- 
nutrition leads ao changes in conditioned reflexes which begin before unQ < .laical 
and electro a ncephalo graphic evidence that function of the brain in chuoren 
is affected by states of malnutrition and may persist follo'wir.g correction 
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the nu'. .ional deficit (Ne-son, Bngel) Antenatal and perinatal date 
provide valuable additional *' ni'orrr.a ‘aor.a 

Ha -.1 studies have also dozens xaroxed neurological aoxuci^s -c to 

particular types of deficiency such as vitamin E6 (c'- ?iciency aaeoc. ad with 
mental retardation) , vitamin A (Ocnest, Sarvano, and iyorgy) (dc-fici .cy caused 
irreversible changes in the retina)® 

As to studies dealing with pregnancy. Smith, Baird and Eastman - Jac' son 
have all reported infants of smaller size than expected, as an .ccc x imer.t of 
maternal undernutrition or lack ox weight gain, during pregnancy. 

A study be Kugelmass, Poull, and Samuel observed the effects of nutritional 
improvement among. 91 . hospitalised malnourished ch ilaren in New York . _^y. Their . 
average I.Q* for the retarded experimental children increased 10 poi s, and 18 
points for the not retarded experimental children, in contrast to no u.Qo chang3 
in the control group. The study is significant in noting the reversibility of 
effects at the ages studied. 

Monkeberg*3 three, to six year follow-up on Ik children with severe, narasnic / 
.malnutrition during infancy, suggests more severe - and possibly irreversible 
changes — with deprivation at an earlier time.. 

Stoch and Siaythe, in a series of two reports have followed 20 malnourished 
infants in South Africa. for 11 years. Throughout the study the I.Q.'s of the 
malnourished children averaged 20 points lower than the control groups. The 
pattern that emerged in the malnourished group resembled that oi some brain - 
damaged children, with a defect of visular motor ability and pattern perception. 
Although the control group didn’t closely match the experimental group in environ- 
ment, it is likely that malnutrition among the parents of tho experimental group 

before, and during pregnancy is most likely. 

In the study of Cr^vioto, previous research had indicated that differences 
in growth in a village in Guatemala, were a significant indicator of malnutrition* 
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Having controled genetic factors, intersenaory integration was compared between 
the shorter and taller children. The only strong positive association between 
background circumstances and height was between the height of the cnxld and i>ne 
education level of the mother, (the lower the education level, the greater the 
likelihood that the child would be short) Poor .maternal education maybe expected 
to be correlated with poor nutrition during pregnancy ana early infancy. 

Conclusions and inplicato.cris t 

Animal data clearly indicate that malnutrition affects both physiologic 
and psychological development. The type of aberation qualitatively differs 
dependant upon the specific nutrient which is deprived, ihe timing, severity, 
and duration of malnutrition further markedly influence the quality, extent, 
and degree of reversibility of observed deficits. Persistence of malnutrition 
across generations appears to ’worsen outcome and prognosis# 

Human data are more difficult to interpret. Rarely does the extent of 
deprivation come close to equalling that used in animal experiments and usually 
involves more generalized deprivation such as poverty, lack of education, incidence 

of infection and disease. , .'•••;• 

Also, studies are often too broad and poorly controled. There has been 
little work done concerninghb rain development before and shortly alter birth. 
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The author .makes several points to consider. First, there is inacoa u 
lack of research, at least in the last five years, in the area of prenatal and 
maternal malnutrition and its relationship to the development of the brain. 
'■Jost studies in the area of malnutrition and mental development suggest that 
there is no adverse effect until training. Yet the author cited one study in 
particular which showed such a possible effect with rats. Also, a good point 
is made in regard to the poor education of mothers affecting the nutrition of 
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their children. There is the opportunity to 
widespread' introduction of day. care centers v 
"birth 3 as wall as more maternal health center 



rectify this prebaem witn ute 
hich will accept enilcren iron 
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pn ~l 1 i t.t.jPrnesto. PhD* "Zoology, Malnutrition, and Mental Develop.'nom. Psy^no - 

SOfil. y.GC A ^O^.o 31* p • ^93-2 00, I'.&f “ <■> JJTiu J->o9* 

The author suggests that the conclusions of studies on the afiect ox 
nutrition on loarning ability are not warranted* Thisjpaptra wxll attempt to 
point out that behavioral studies attempting to assess the specific • exxec-o 
of nutrition deficiency on learning ability have not considered the coexisting 
biological and social factors which interact with malnutrition and wich ••~»y 
codetermine the poor test performance* Also, this paper will show th*it th~ 

• relationship between malnutrition and poor test performance maybe the sole 
result of method of the s oudy . 

• Critical Reviews 

Human studies of severe protein calorie malnutrition have shown that child- 
ren of the same geographic location and socioeconomic status with malnutrition ■ 

■ ‘ score lower in I.Q. than those without malnutrition - the result being due to 
the malnutrition. However this inference is weakened by two methodological 
problems s Cl) It is difficult. to find. an appropriate measure of nutritional 
'history in .children.' Stature, a popular measure, is inadequate because it is 
indicative of many other factors, pollitt and Ricciuti found that, in comparison 
to tali subjects, • short children were more likely to have shorter mothers with 
a higher number of pregnancies and less years of schooling, to have lower re- 
ported birth weight and to come from less stable homes. These difierences 
were found to occur within a homogenous socioeconomic population. (2) Iw is 
difficult to separate the nutritional component from the complex of accompanying 
biological and social variables which affect the overall development ox a mal- 
nourished child. In the. studies of Graham and. Morales and Stoch ana Smyfcne, 
the experimental groups were also living in extreme do /imental home and family 
conditons. 

There is also data suggesting the exists nee of more specific biological 

. V, ' 89 - 




and social variables associated with malnutrition, especially with nutritional 
marasmus „ In addition to the studies of high teashiorker and marasmus incid- 
ence in third or later born children (Graham and Morales) and short time span 
between pregnancies (McLaren), some show an association between frequent episodes 
of infectious diarrhea and malnutrition and others show such an association 
vrxt.li abrupt* mother— child separation* 

Also in lew socio-economic groups there xs evidence that* a high nanoer ° x 
pregnancies are associated with lower birth weight* higher incidence of p^e- 
maturity* congenital malormations of the nervous system and high incidence of 
neonatal mortality* 

The psychological significance of these factors associated with malnutrition 
is that they. ar© influences on behavioral development prior to, during and after, 
the presence of malnutrition. Low maternal education might determine inadequate 
child caring practices, inappropriate food habits, and other forms oi maternal 
behavior that might be detrimental to the child 1 s intellectual growth# A lot 
of evidence suggests a positive relationship between maternal education and 

; the child's, level of intellectual developments 

Then too, the gradual deterioration, accompanied by apathy and listeiessness 
and resulting from protein-calorie deficiency, can force a breakdown between the 
child and his environment. The consequences appear similar to a condition of 
sensory or perceptual deprivation ■ which gives the child no opportunity to learn 
from, or be stimulated by, his environment® Prechtl et. al. , have found a clear 
correspondence between reflex mechanisms and behavioral statis. They report 
that palmar and plantar grasp are weak during a state of irregular sleep out 
strong during wakefulness. Shaffer and Emerson’s report suggests that the level 
of arousal or alertness in infants, determined either by external or internal, 
conditions, might regulate the nature of responsivijsy to the environment. 

In addition, it is unlikely that animal research can illustrate what might 
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as has 



03 the overall consequences ' early malnutrition in humans because * 
been pointed, out * the devel^ t of a malnourished child is not effected solely 
be dietary deficiences but a lex interaction of diverse biological and 

social variables immediately i to the nutritional condition# 

Speculations: 

In order to determine whether malnutrition in its interaction v/ith f actors 
contributes to slow mental development * it is necessary to study tho malnour- 
ished child in the context of his prior physical* social* and psychological 
history and within his own environment* It seems necessary to consider pros- 
pective studies v;here the mannourished child could be used as his o wn control* 
comparing a developmental base line with later evaluations after the develop- 
ment of the malnourished condition* 



The author proports to show the weakness itinerant in most studies of 
. malnutrition and its relation to mental development* He is correct* but does 
not point out that most of the authors of such studies suggest that these 
weaknesses exist in their studios and the results can not* thorfdore, be con- 
sidered as conclusive* Also* the preponderance of animal experiments in the 
area* contrary to the authors view 1 * should be considered because* we cannot 
use such controX&dd exoeriments with humans* In this discussion of the irronious 

ft * 

use of height , as a determanent of J*Q* in developing countries* he does^t 
mention the work of Cravioto* who first found the connection between height 
and I*Q* in a unique Guatamalan village of equal socio-economic conditions* 
and then in a later study found the relationship between malnutrion and height* 

He had excluded factors of hereditary nature in “his sample* . 
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crimshaw, Novin S. "Infant Malnutrition and Adult beaming." 
aturday Review , March 16, 1963, pgs» 64-06 and 04 » 

Two-thirds of the world* s children live in the developing countries of the 
world, and for most of them malnutrition during their early years is a fact of 
existence. The consequent retardation in physical growth and d evelopment is re- 
flected in the almost universally smaller body size of members of low-income pop- 
ulations in these countries. Genetic differences are a minor factor. Many under- 
privileged children among poor families in the industrialzed counories are ulso 
malnourished at an early age * 

Initially attention was focused simply upon the prevalence of infant mortality. 
In the 1920* s 5 animal research on malnutrition began and has extended more re- 
cently to considerations of the effects of malnutrition on physical growth, 

learning* memory and adaptive behavior® 

Food restirctions in animals simulates the form of undernutrition, in young 
. children known as marasmus. Marasmus is particularly common in children less, 
than one year of age, when the rate of postnatal brain growth is at its peak 0 
It occurs because, under 'conditions of poverty and ignorance, children who are weaned 
early in the first year of life are likely to be given substitutes for breast 
.milk which are inadequate in both calories and protein. Marasmus is found with 
growing frequency in the mushrooming cities of the developing countries because re- 
cent arrivals imitate the early weaning of the middle-and upper-income groups 
without either the knowledge or the resources to. provide a proper substitute for 
mothers milk. 

Children who are not weaned until the second or third year 01 iij.e u$uil 
recently, the common practice in nearly all unsophisticated societies are 
likely to receive sufficient calories but inadequate dietary protein. The type 
of malnutrition which ■ then results is called kwashiorkor, a dramatically acutu 
and often fatal disease which is due primarily to protein deficiency. 





2 



fp 

4^ 









y). 



o 

ERIC 



Animal experiments demonstrate central nervous system damage xs more pro- 
nounced on a diet deficient in protean but adequate -*.n oelo* us (Soc-a. c. 

Platt)* Er. Richard Barnes of Cornell found simple undernutrition during tne 
nursing period* induced by general foodcrestriciions* produces beuavio*al 
changes but has little effect upon the animals* ability to learn to solve complex 
problems. Severe protein deficiency tin early life* however* causes not only ohe 
behavior changes seen in food-restricted groups but also impairs the c opacity 
to perform well in tests requiring the animals to learn from Multiple trials. 

At the University of Aberdeen in Scotland* Dr. John Cowley found that a low 
protein diet- fed in unrestricted amounts to a rat after weaning had no effect on 
their problem-solving ability in a maze. But the progeny of these rats* also 
..maintained on such a diet* showed markedly reduced intelligence by the same test* 
as did second and third generation rats continued on this protein-deficient diet. . 

The scientific data presented recently at conference illustrated widespread 
growth failure among children in more' than forty developing countries® Charac- 
teristically* growth retardations begins after the first i our to six months of li^e 
■and becomes progressively worse until the child passes the critical weaning period 
or succumbs to kwashiorkor or an infections disease. Poor growth is associated 
with the inadequacy of breast milk as a sole source of protein after a child is 
six months old. One result is a mortality rate for children one to four years of 
age in developing countries which is twenty to forty time s higher than that in 
North America and Europe* 

The most serious complication in designing field studies of tnese problems 
is the fact that social and psychological x'actors may independently have the same 
gdvorse effects as malnutrition on learning and behavior and on the anatomical and 
biochemical development of the brain. 

Similarly* institutionalized > xldren* vrexl fed and genetically normal* Luu 
deprived of affection and stimulation at an early age* may show marked mental in- 
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pairmont « The many kinas oj. psycholo^x^ 
malnourished children can exert, a direct e-fiecn on inwelxecoial pe**o....anco* 

V er y few long-range field studies in human learning and behavior have been 
completed, and most have failed to separate adequately the afiects of max- 
nutrition from thos8 of oihor environment i&Cuors* 

Some studies* relatively free from unfactored unvironmental contamination, 
ares That of Dr. Fernando Monckeberg of the university of Chile who reported 
the progress of fourteen children with severe marasmus. Those subjects were 
diagnosed at ages one month to five months, were treated for long periods, dis- 
charges* and observed during visits to the out-patient department. As each child 
was discharged from the hospital* the mother was given 20 liters ox free milk 
per month for each preschool child in her family. Three to sis: years latex the 
‘ children were, clinically normal. Their height* head circumference* and in- 
telligence quotients* however, were significantly lower than in Chilian children 
'of the same age without a history of clinical malnutrition. Significantly, 
language skill was the most retarded. 

The Information gathered in the town of Tlaltisapan, Mexico, by Dr. Joaquin 
Crovioto* Dr. Rafael Ramos -Galvin', and their collaborators, is the outstanding 
pioneer effort in this field. Their studies have played the major role in ■ 
attracting attention to the association of nutritional retardation ox growtn 
and development with' performance on tests of learning and behavior. Because the 
economic, educational* and social status of families in Tlaltizapan was very 
uniform* these factors were judged to influence one variation ’within the study 
population to a lesser degree than the differences in nutritional status* 

Retardation in physical growth and development was found c-o depend upon 
family dietary practices and on the occurence of infectious aisease. It was not 
related to differences in housing facilities, personal hygiene* proportion of 
total income spent on food* or other indicators of social and economic status* 
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Under these circumstances* the investigators found test performance of pre- 
school and school children to be positively correlated with body utugut ciliC ^ 
height* 

A growing b° d y of evidence indicates that primary learning and the develop- 
ment of adaptive capacity is based on the development of interrelation among 
the separate senses. During ages six to twelve years* iniersensory relation- 
ships follow a well defined growth pattern in normal children. Dr. Cravioto 
gave principal emphasis* therefore* to test of mtersensory integration. 

The most comprehensive and well controlic . study to <_ - oe is now under w<*/ 
in Guatemala under the direction of Dr. Cepria.x ianosa of InCAP. Cnildrcn 
throe villages are being given adequate supple an oar .7 ioo:~ _rom an early age* 

An extensive battery of psychological tests i.:. — ng used no compare their per- 

formance over the next seven years with that oi children in three control villages. 

There are circumstances in which the off-: -ns of early malnutrition on 
mental development are firmly established. A number of hereditary diseases in- 
duce a nutritional deficiency through an inborn error in metabolism. The re- 
sulting impairment of brain development is so disastrous that it illustrates 
dramatically the way in which nutritional factors can influence development and 
■function of the central nervous system if operative at an early postnatal age. 
These inherited nutritional defects should dispel any doubt that nutritional 
deficiency* if sufficiently early and severe* can have profound and permanently 
detrimental consequences for the learning and behavior of children. 

It is clear that under circumstances common to developing countries, mal- 
nutrition can interact with infection* heredity* and social factors to oring about 
physical and mental impairment. Tne social factors re s pons i o le are multiple 
and difficult to correct^ but tho elimnna txon of rcalnuuriuion and imeswion 
nr. eng underprivileged populations is a xeasxole goa^e 
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Dr. Scrimshaw has produced a most informative review of the literature 
relative to malnutrition and learning. His reference omissions were proo- 
‘ ably due to the replication or duplications ox data and the consequent re- 
dundancy of complete reporting. It would have been of interest to nave had 
Dr. Scrimshaw comment upon the data produced by Renton and Associates who diner 
■ quite radically from some of the conclusions he has drawn from the literature. 
Since both are located in the Boston area one would assume some degree of 
familiarity. 

Dr. Scrimshaw might have devoted somewhat more attention to the p._n-po anting 
of the "critical period" of organ growth and development, lany of his sources 
are quite definite in this analysis, yet he chose to avoid this involvement. 

Apparently Dr. Canos* of INGA? is not yet clear relative to the procedure - 
he will employ in his study of the three Guu ^emal« vi.Ha go ^ . D. . j.i..s,nc.ws 

interpretation of the procedure is significantly different from that suggested 

through other sources. 

Other than, those differences mentioned above the Scrimshaw review paints a 
: very pertinent and wall informed picture of where we are in our consideration of 

the effects of malnutrition* . 
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Evidence is available t gest that malnutrition u,,-—.g the fi: at few 

years of life does have an ac o effect on subsequent learning and behavior. 

The mechanisms i:'‘ r olved are r „ at veil established* ana the precise timing; 

nature* and severity of the malnutrition responsible need clarification. Never- 
theless* it will ae evident that the effects of malnutrition of young children 
cannot be neglect, <d if the objectives in developing countries arc* to on met* 

Evidence From E:-: rimsntal Animals s 

Jackson ana otewart* affirmed by lobbing* KcCance* Widdows on* iu;_.g rats 
and swine* four:’, that rats underfed is. the first few weeks after weanung and 
then placed on adequate diet had smaller brains at maturity uhan control animals. 

Platt placed weanling rats* piglets and puppies born of well-nourished 
mothers on diets severely deficient in protein but adequate in calories. The 
animals showed functional and histological signs of central nervous system 
damage. Electroencephalograms showed diminution of rhythemic activity and hist- 
ological changes appeardd in the nerve cells and neuroglial cells in the spinal 
.cord and medulla. Similar animals* subsequently fed a high protein diet for one 
to three months* while the clinical condition improved promptly* the histological 
changes were not reversed. Severity of the changes was increased by lowering the 
age at which the deficiency was established* by reducing the protein value of 
the diet* or by increasing the duration of the deficient diet. 

Workers at Cornell University also noted in similarly treated baby pigs* 
swelling of the neurons and a reduction in the grey matter. 

Ncvakoya found that rats weaned at 21 days exhibited inhibited learning and 
behavioral responses to an electric boll as compared to rats weaned at 30 days. 
But if the early wearied rats were fed a hgvghfst-Iow carbohydrate diet similar 
to rat milk* the differences ware abolished. 
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Widdoweon round -hat rets ar.d pigs suffering from simple unlaw-, 
became nervous and ravenously hungry while those experiencing protean- 
v;ere docile, less easily dxstrubed. , ioat tneir sppetMcs and it Wa- 
induce them to cat. In these characteristics they resembled c hilar .e 
kwashiorkor. 

Where the diets of the mothers during pregnacy ere deficient -- 
and the offspring were also fed deficient diets after weaning, the .. i; 
.'similar but more pronounced. 

■ In addition to organic damage from early malnutrition, bxoca 
occur as well. There is only fragmentary and doubtf— 1 evidence a., -w 
ence of these biochemical effects. 
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Comparable Observations in Children 

The author compares the first three years of human development uo the iirst 
four weeks of the rat because the human bra an develops 30p> oi its adult weight, 
as .compared to 20$ of total body weight. 

Stoch and Srnythe, Dean and Brown, Grahma, Ambrosius have shown that the ... 
head circumference of malnourished children is distinctly smaller than tuat of 
nourished controls. (This includes a follow up of ten years in the case of Stoch 
and Smyths and. are presumably permanent.) 

In developing countries^ regardless of racial composition, children of micdxo 
and upper class, families show physical growth rates similar to North American 
children while the children of lower class are much smaller. 

Factors responsible for Retarded Growth and Development- ox Preschool Children 
of Developing Countries s 

While malnutrition is the primary factor, . infections contribute as well, 
in retarded growth of pre-school children of developing countries. Mai nourisnment 
lov/ars resistance and medical approacnes of the population cend uo compound t ■- 
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problem (io. feeding gruels and giving purgatives) as woU as poor environ- 
mental sanitation and lack of personal hygiene. All this causes multiple acu 
continued illne ;e along with the malnutrition. Permanent impairment resulting 
from* malnutrition is certain and mental retardation is proaable. 
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Field Studios in Human Populations: 

Although the study by Stoch and Smythe found lower I.Q.'s in the malnutri- 
tion^ group of cnildren, the resulting interpretation is doubtful due to groat 
sanitary, onvir:nmental and familial differences between those children in the . 
experimental group and those in the control group. The same is true for she 
study of Cabal: and Najdanvic. 

In the case of children studied by Kugolmass, Poull and Samuel, fifty 
malnourished children improved in X.Q. an average of 18 points as compared 
to the well nourished control group which did not improve in X.Q. However, 

I.Q. scores are known to improve when neglected children are gxven increased 
attention - it can't be determined from which the rise in X.Q. occurred. 

The study by Cravioto, Ranos-Galvan and others used the population of 
Tealtisapan, Mexico and showed a relationship betwemn nutritional retardation 
of growth and development for chronological age and performance on psycholog- 
ical tests. The economic and social status of all families was uniform. Re- 
tardation in growth depended upon family dietary practices and on t-ne occurance 
of infections - not to be related to differences in personal hygiene, housing 
or other indicators of social and economic status. Tnese investigations feund 
performance of preschool and school children on the T erman-Ker ill , C-esell and 
Goodenough Draw-A-Man tests to be positively correlated with body heignts and 
weights. 

\s an extv.uuxt*n of tnese studies, the authors found that in rural Guate- 
malan children, six' to eleven yoyrs old, retardation in height for age wa- 
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by poorer performance on psychological tests employed - prim.-*.— -/ 
pbic and kinesthetic sensory integration. It was also noted that 
lotion group without malnutrition* the variation in height was prxmar- 
.3 and showed no correlation with inherited and other variations in 
_il performance. 
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Corap aig Social Factors 

: uthor says that in industrialised countries a child's inadequate 

Intel. ..al or social performance is the result of a complex interaction over 
a per: - of time* of genetic variables* and primarily nonnutritional factors 
in the social or cultural environment. But in developing countries* variations 
from family to family in educational and economic status and beliefs and customs, 
may be relatively small and together with genetic differences* may be insignif- 
icant as determanents of intellectual performance because the children are so 

affected by the sunergism of malnutrition and infection in such areas. 

Nature wad Tiinxng of t»hs Malnutrition. 

malnutrition beyond three years of age probably has no direct permanent 
effec n mental development. This includes children with kwashiorkor since 
this -s Tan acute process developing in a very few weeks* usually after months 
or years of ' protein-calorie malnutrition* and arc no more retarded in height* 

' weight* and bone maturation than the children remaining in the villages or ur- 
ban slums form which the child comes. It of course* as any disease* may affect 
learning* and behavior by other than organic means* (ie. developmental lag* 
m: - . a and responsiveness). The epidemiological approach to the problem- 

' is ©sc. rial because* chronically malnourished children are most inevitably .. 

under privileged in a number of other ways as well* 
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Research is. imperative in order to determine the circumstances end ranr.er 
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in which malnutrition influences both intellectual and physical development. 

It must distinguish in the preschool child, between the temporary cxxecos o£ 
an acute disease process on test performance and benavio^ ^nd the — on^ <• 

G SftSe^uenc e s of malnutrition. Such research must take into account variations 
in social or cultural environment including; education, intelligence and be- 
havior patterns. of parents, physical environment, influence of bxoxogical en- 
vironment, and exposure to diseases* xt muso distinguish betxo©** ^v-netic and 
: environmental ' factors and must be. multidiciplinary- and of human populations. 



The author offers a commendable compilation of various studies dealing 



re* 



with the problem. However, it may be found that the author's comments r 
garaing industrialised countries do not take into consideration the ghetto 
and extreme rural populations who may well exhibit the same need for nutritional 
assistance as developing countries, based on the incidence of mild uo moderate 
malnutrition' of. children living there. 
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Performance in Offspring 
Vol. 27s ps. 727s 1968. 



Ko Vj© a^no, .tit-ii i o on ^ 

of Underfed Mother 



Rats 



ind CilOV/p 3 c ?o ^i'iS.SCs 
Federation proccodin^q^ 



v;e have previously shovm abnormal neuromotor developments in progeny of 
mother rats restricted to $0% of overall ad libitum dietary intake during ges- 
tation and lactation. (Fed. Proc. 26, $19, 1967)* Ten experimental and nine 

control animals, prepared by the same procedure and fed ad libitu m after weaning, 

n_ 

have now been shovm to perform differently on an elevated muiu^ple l maze* 4 j j 3 
running, with water reward after water deprivation for 2li hours, was oegun ^t. / 

2 1/2 months of age. Means of running time and errors on the first trail for/ 
the experimental progeny wore approximately double those for the controls, (p. 

.01 and p. .Op respectively). ' Thereafter, the mean number of trails required 
to reach specific criteria in starting time and errors were also significantly 
greater for the experimental animals than for the controls, ^p 0«00u and 
p 0.02 respectively). The experimental progeny were frequently distracted bjfjy 
minor changes in environment which. did not affect the controls and passed mor^ j 
fecal boii in a given period than the controls (p .001) (Supported by P.H.sJ v Gr^nt 
NO. KD 02981;)/ . . ' \ • 
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Sinis terra, Leonardo, K. D. "Nutrition and Early Mental Development" J. Ed. 
Res® Vol. 6hj inside cover, September, ly?0 o 

During the' past decade research has suggested a relationship between 
nutrition and mental and behavioral development. About two thirds oi the 
inhabitants of the world suffer from chronic malnutrition. (Those living in 
underdeveloped countries and in slums of developed countries) Thus, under- 
nutrition is a positive threat to four fifths of the people of the world, 
when ail forms ax'e considered* 

Animal protein (with all its amino acids )eantains a higher biological 
quality than vegetable protein - but it is not readily available to all people 
Most of the world* s population survives on vegetable starch foods. 

The impact of malnutrition on mental development is most critical from 
conception of age six, since it is during this period that the brain achieves 
90% of its growth. Undernourishment during these early years cannon be cor- 
reoted after the child reaches school age. Thus efforts by schools come too 
late to prevent permanent mental damage. Oiten, along with poor diet, comes 
a dull psychological and social environment. The underdeveloped child is a 
victim of environmental. circumstances# 

Educators, health officials, and doctors must assist the family, partic- 
ularly the mother who carries the major responsibility for raising children* 
The school could provide, through theoretical teaching and practical demon- 
strations to mothers and the community in general, the knowledge needed to 
provide proper nutrition ' as well as emotional and psychological stimulation 
to preschool children. 



Although this article is short, it makes some see silent points. However, 
we need federal emphasis in order to reach- the. entire nation. Hospitals, too, 
would be a good place to inform mothers of the needs of their cniidror.* 
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Stoch, M, Bo and Smythe, P. “'ft 10 f ..,fb "^dical ^ 1 

Subsecuent Brain Growth ana. inuouccjuui ^vc-c,^.^ n.^ . u ^rt . — - 

Journal . Vol. Uls P* 2.02? - 1030, Octooor, ^©7. 

This paper records an eleven year follow-up of head size ana inu— ecowo 
development of children who were grossly undernourished during xju«.nv,y. -h~ 
original study,' began in 19#, was based on the hypotheses that the ill-effects 
•of undernutrition are determined, firstly by its occurrence during the period 
of maacimun growth and, secondly, by the duration of undernutrition r alative 
to the total period or growths 

■Methods 

Twenty of the most grossly undernourishes ”Cupo Colored xn ^* iU 3 w ^° 
could be found between 19# - I960, who had no organic disease (apart from 
gastroenteritis) and normal in birthright were compared to a control group- 
vjho was not malnourished* 

Both groups were- from the lowest socio-economic level. However, there 
was a great desparity in their living conditions. Alcoholism, illigitemacy 
and broken homes was common in the undernourished group. Although over the 
years the conditons gradually improved until 13 of the 20 were comparable 

to the control group in living conditions. 

All children were examined at yearly intervals until 1907. -t-ne X.Q« s 
were estimated about every two years using, up to age two, Gesell's infant 
scales; from two to six years, the Herr iii-Palmer test; and over ago sou:, 
the Individual Scale of the National Bureau of Education Research ox s outh 
Africa. E.E.O.'s were done in 196? as well as level of school achievement 
• ascertained. Psychological tests of cognition, maturation and personality 
wore carried out in 196# 

Results s 

Head Circumference s the average of the undernourished group is signifies 
smaller throughout by 2.U6 cm. than the ' controls who compare favorably with 

ind ' 



ily 



rN 

£L 



American children 0 Heigh '- - The average 
less than the controls* E#jS»Q 0 Findings s 



ol the undernourished is 5-^7 hg# 

Two of the children in the undernour- 



ished group had abnormal records - one had a primary epileptic uysrhy thmia dnd 
the ether showed a slow wave Focus • The rest wore within normal limits but 
within which there was a great deal of instability on provocation especially 
with the malnourished group 0 Also twelve in the malnourished group had poorly 
gorxned low-voltage alpha-waves with poor response to eye opening as compared 
to the control groups The mean alpha index was significantly lower in the under* 
nourished group than the control* This was due to the low theta index of 
eight in the malnourished group who also had significantly lower I#Q.*s than 
even the others in 'the mainutritioned group 0 



Tests of Intelligences 

The performance of .the "two groups differ significantly# With Gesell^s 
norms* Merrill -Palmer* and National Bureau tests* show - throughout a significant 



difference of about 20 points between the two groups * 

In educational placement* the undernourished group lagged far behind the 
average for Cape Coloured school children* Eleven of the 20 are more than 
one year older than the average age expected for their class and none is more 
than a yeqr younger j whereas in the control group only one cr.ild is more than 
a year older and eight are more than a year younger# 

Psychological tests 2 



For the malnourished groups 



marked and significant difference 



for grasp of concept of t 
in levels of intelligence 
significantly lower# In 



ime* greater than can be accounted for by t 
• In motivation* the undernourished group 
the personality variables* the malnourished 



in scores 
ho difference 
scored 
group 



showed significantly 
material* They also 



less initiative and a lower level of organisation of play 
showed significantly less fantasy-affectional behavior 
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and signicantly moro fantasy agressaono 
Conclusions 

The evidence in favor of organic brain damage duo to malnutrition rather 
than emotional deprivation in accounting for differences in intelligence is s 
that the head circumferences arc signif icantxy smaller; tna. more s.n.G. .u inn- 
ings are abnormal; that a pattern of marked impairment of visual perception 
emerges from bhe verbal subtestso 

The evidence for the influence of environment factors is less convincing. 

It consists of the findings in psychological tests of a poor time concept ana 
low performance on tests for Achievement-Related Behavior. 

It could be argued that only with very severe malnutrition could intellec- 
tual impairment occur; but 20 of the 23 infants selected survived the initial 
-phase of marasmus and today appear outwardly normal with one exception. let the 
extent of mental retardation is considerable. It leaves ample room for sxgnxj.i- 
cant impairment to occur with lesser degrees of undernutrition. a j. though ra<rtas— 

■ mas may prove more damaging in growth* the more crucial factors are thought 
to be the duration of undernutrition and the degree of rotardation oi grotrbh 

■ relative to the normal during the period at which brain growth is greatest and 

. happen to concide with the age at which malnutrition is most prevalent through- 
out the world. 



This study is widely quoted in the literature. It is one of u'.e j.c.j 
longitudinal studies* and for that reason deserves consideration. However* 
the living conditions of the experimental and control groups were so dj.xxej.ent 
that one might suspect that the results really indicate how a combination of 
nutrition ar.d environment effects one developing child. 
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Both animal and human studios aaggost that a critical period of brain 
growth may exist during which malnutrition, even in a mild dorm and even for 



a short time* may produce irreversibl damage* This critical period appears 
to be before birth and during early postnatal life* 








* 



Animal Experiments s 

The brain reaches 80 percent of its adult weight by h weeks of age in 
the rat and by 8 to 10 weeks of ago in the pig* Indeed* in all mammalian 
species the brain approaches its adult weight long before the growing period 
has stopped* In 1920 Jackson and Steward demonstrated that malnutrition in 
the first few weeks after weaning resulted in a reduced brain weight which 
persisted even after the rat was placed on an adequate- c^et* More recently 
researchers have not only confirmed these results in both rats and pigs but 
also have extended them to show that more marked effects could l obtained 
if the animals were underfed from birth’ to .weaning* Since these experiments* 
a number fcf investigators have reported similar results* leaving little doubt 
that undernutrition from birth to 21 days of life produces a pprnii tint tumid 
permanent reduction in brain weight* In contrast* undernutrition often 3 
weeks of ago in the rat and after 5> weeks of age in the pig results in pro- 
gressively smaller effects on brain weight and complete return to normal 
weight when the animal is rehabilitated* These data demonstrate thou the 
earlier the ma Inutr i t ion* the more severe the effect and the less likely 
recovery* They suggest that there is a critical period of brain growth in 
the rat and in the pig during which the brain is most susceptible to the 
effects of malnutrition* 
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Histological or Coll Changes ; * 

Platt and co-workers have observed histologic changes in the central 
nervous systems of rats and pigs and dogs raised from weaning on protein de- 
ficient diets. Degenerative changes in both neurones and glia w /pe ~ .mu un 
the spinal cord and medulla. These changes persisted even after 3 months of 
.. rehabilitation on a protein-rich diet. The severity of these changes could 
be increased by lowering the age at which the restriction was imposed or by 
increasing the duration of the deficient diet. Lowry and associates have 
demonstrated that pigs malnourished early in life have histologic changes in 
the cortex itself.. Neurones in gray natter are reduced in number and appear 
, swollen. Thus , undernutrition will result in specific degeneration within 
brain cells. And again, the earlier the restriction, the more severe the 

damage* ' 






Growth 2 



Weight gain and histologic appearance give only a limited picture of 
organ growth. Organ growth may be quantitated in terms of increases in cell 
number and increases in the weight oi prooej.n consent per cell. Sine D. ' 
is constant within any diploid cell in a given species, the amount of DNA an 
any organ reflects the number of cells in that organ at any given time. The 
actual number of cells may be calculated by determining total organ DMA and 
dividing by the DNA content per cell. Once the number of ceils is known, 
the average weight per cell or protein per coil may be determined simply oy 
dividing to total organ weight or protein by the number of cells. 

Normal and retarded growth in the organs of the rat have oocn serxausyy 
studies in this manner. Three phases of growth wore defined in all organs S 
hyperplasia, hyperplasia and hypertrophy, and hypertrophy axone. Tne tran- 
sition from one phase into, another depended on a slowing down and finally a 
cessation of DNA synthesis. , The time that this occurred varied from organ to 
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but in all casus DKh synthesis, as measures, by -n—7- 1 

by incorporation of thyr.idine, ooasod bofera weight gain ana not pro.cir. 

synthesis shopped* ^ 
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In the whole braxn, DhA 

protein continued to increase until 99 days. Moreover, xf .n- bx^n 

‘ into spocifio regions, tboso areas hava thair own inhibit grow-th pnttorns 

_o. „ •■'c.o'-d rate until 17 days a. id th-n 
Cell division in the cerebellum p.ocou* — - - * - 

~ 



abruptly stops, la contrast, the xn 



coll number in the cerebral cor- 
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o- ri-v=* Tn the brain stem there is 
tax proceeds more slowly but lases x.oi. — -y~* 

■ . a. hr>n - leveling off, where as the hippocampus 

an increase ‘until 1U days ana .hen c iexeixn fe 

has a discrete increase between lh and 17 days. 

Because of the suggestions that the recovery pattern of tally and late 

malnutrition differed, the effects of malnutriton on these cellular growth 
patterns were xnvestiga.sd. 

, . n r--!-", on interfered with cell divi— 

The results indicated that early res .. xct^on xn 

. 1 -xv deficit in the number of cells xn 

sion and that the anxmal was lex. v^.n ~ d-xic 

all organs, even after adequate refeeaxr.g. 

Conversely, ''overnutrition” produces by reaucxng tue xxot,e A 

animals nosing from a single mother, resulted in an increased brain weight ^ 

' which was associated with. an increase in the number of cells. Thus, 

_.<• pnii Id be altered in either 

of cell division ana the final numoer ox cell- could 

. j . v. ; . tiV^afore seemed possible tha^ re- 

direction by the state , ox nutrxoxo... i. -- 

p r r, ri-i vision had been interfered with xx 
covery actually might occur even xx cexi axVx.ion 

.... r r r* Gsciinp* vr ore; oc^nn 

the animals were re-fed increased quantities ana - re-xeed^g 

■ fox - © the normal period of ce-xx uiv-o-on. .i--- s.o^p 

, . . . ri-bU end Russo reared rat pups ->-u gi ou.— o. 

To demonstrate this WxftxCiq - x— s . - 

: r -un-ber which was present at 9 days xn 

3 until weaning. The reductxon xn col- 

y.^iv, onlvo the cerebellum snowed 
all organs disappeared by wsamjag* -g ^ o^xn y* 
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•. sign! f^carvu reduction in DMA c* r.t at 9 days, and by* 21 days unis reduction 

had disappeared* These data demonstrate that during the period of hyperplasia* 
the rate of cell division may be increased sufficiently * by increased caloric 
intake p to correct a previous deficit in cell mu m impasses by .. :lnuurition* 
Thus* not only are the extent and duration of under nutrition and rehabilitation 
important* but the age of the animal at the time rehabilitation begins is also 
critical* 

Puecent evidence of Zamenhof and associates demonstrates that malnutrition 
during pregnancy in rats will result in offspring whose brains contain a re- 
duced number of cells* Data from the Winick laboratory have indicated that 
this is not only true* but that even if the young feed normally they do not 
recover and are left with a permanent deficit in brain coll number • However* 
it is perhaps even more significant that the affects of postnatal” malnutrition 
on animals previously malnourished in utero mare much more marked then either 
stimulus alone* These "doubly deprived" animals are severely retarded in 
their growth end their'brains contain only hO percent of thepexpocted number 
of cells* It is as though prenatal malnutrition has conditioned these aniials 
and made them hypersensitive to postnatal und^rnutr i tion • 

All of the studies .alluded to demonstrate that a critical period of brain 
growth can be defined in terms of cell division* Coll division stops in the 
brain long before growth per se is over* Moreover* different regions reach 
their final number of cells at different times* Malnutrition curtails cell 
division during this critical period and can permanently reduce the ultimate 
number of cells achieved* In the rat this critical period of cellular pro- 
liferation lasts only until weaning (21 days of ago)* 



O 

ERIC 



Myelin is & 'complex lipid mode up of a nuciber of components. For example, 
about 70% a total rat brain cholesterol is present in tayelin* Analysis of 
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substance* wixl sive a quantitative estimation of too amount of *-* 
present in the brain. Moreover* since there is ver, —tc-o w/eiiu ^ — 
within the brain* ‘serial estimation of these components can be used to srteb- 

. . ^ j. .- ^ ‘ph-a of mvelin formation can al^o oo 

lish the rate ox myelin form®. </xou® iho f 

. „ v\r ^.ocn wn g the rate of incorporation of 

established in L.i.parnaaental aiuaa*fl oy measuring uuc 

radioactive components into the myelin structure® 

The bulk of evidence seems to establish that myelina uion witi--*- 

brain occurs most rapidly during a discrete period. This period is quite ski- 

ilUr in tin. 'to the period of cellular proliferation described previously. 

Maln utrition at this tine reduces the rate at which myelin is laid down and the 

ultimate myelin content of the brain. Whether this has a direct effect on the 

metabolic events within the sells responsible for myelin synthesis or simply 

a reduction in the number of myeiin-synthesisins cells is unknown. The on- 

data of Chase and associates would surest that, at least in part, tna 

former is true. Studios of the effect of malnutrition during this critical 

period or. regional myelination patterns have not yet been done. Such studies. 

• will provide data on' regional brain growth in terms cf myelin which might bo 

compared with the regional studies ontrates of cell divisl.cn. 
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All of the. studies completed to date demonstrate that the prevoaning per- 
iod in the rat is a time of enormous chemical change within the brain and a 
time when the brain is most sensitive to the detrimental effects of undornut- 

ri J oiorio 

finally* the application of the finding in an animal such as a rat* where 
the period of development of the nervous system is quite short* to the human 
is difficult. -To complicate matters further* the sequential deposition of 
myelin in the various regions and tracts is nuen mo.e a*pa.enu a “‘ ‘'** e 1 

deveiooing human nervous system. Hopei uxly * more study in the 1 w-utem 
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ation ox human development® 
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Malnutrition retards growth in animals ana ch^l^en. ..ecov^., 

stature on refeeding depends, in part, on age a« on ° eu °' u do P* 1 ■ c * t '- 

■, „ ^-,-5 timo-deoendenee , rats wore 

inivestigs tiQ t,nc cellular even l,o u-*c.c^x/3 — ^ °** 

exposed, to 21 days of caloric restriction at birth, at weaning and at age 65 
days end then refed normally until adulthood. Total organ weigh., ^o^in, 
rKA, end DMA were measured during the periods of caloric restriction «nd sub- 
sequent refeeding. Total USA. and weight/DMA, protein/DNA, ana RsiAyW ratxos 
in tests and control animals reared in the usual manner served as indexes of 
changes in organ cell size and number. Malnutrition from birth to weaning 
resulted in a proportional decrease in weight, protein, SNA and DMA, indica- 
ting a reduction in cell number, without alteration in ceil size. These animals 
did not recover normal growth; when adequately refed. Malnutrition from weaning 
to h 2 days of age resulted in a proportional reduction in weight, protein, 

'rNA, and ENA in all organs except brain and lung. Although weight, protein, 

• and RNA were reduced in these two organs, DMA was unaffected. Refeeding was ac- 
companied by recovery in weight of these two organs only, resulting in an animal 

• retarded in overall sgrowth , with normal-site brain, and lung. 1 anally, malnuuii- 
' tloa rrora 65 to 86 days of age resulted in maintenance of BN A values in all 

organs except spleen and thymus, whereas weight, protein, and RNA were reduced* 
The reduced ratios coupled with normal DMA suggest a decreased in cell size wi.h 
retention of cell number. All organs in these anxasx* except, .hymu.s ~ " lOVi "‘ 
normal size on refeeding and all ratios returned to normal. These data suggest 
' that cellular effects of malnutrition depend on the phase of growth in we 
animal at the time of malnutriton. Early malnutrition impeded- cell division 
and the animal did not recover. Malnutrition at a later stage of growth resul- 
'ted in reduction of call size from which the animal could recover. 

Possibly of greatest significance in this study are the DMA ratios. 
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to -DMA and protein-to-DMA ratios are normal in all organs in group 1 (malnutri- 
tion from birth to weaning); thus the reduction in x*eight and total protein 
of dietary restriction an early life is soleXy on coll number* cell size rema j_n— 
ing constant® 

The ratios are similar in group XI (Malnutrition from weaning to U2 days 
of age) animals for all organs except brain and lung® %he normal radios again 
indicate a reduction in cell number and not in cell size* m brain and lung* 
however* the maintenance of normal values for DMA with a concurrent lowering 
of organ weight and protein results in lower ratios and confirms the decrease 
in cell siae in these two organs® In lung the weight-* to~DNA ratio is decreased 
'more than the protein-to-DNA ratio® Curing refeeding only brain and lung re- 
covered as indicated by a return to normal ratios# In group 3 (malnutrition 
from 63 to 86 days of age) all organs except lymphoid tissue contain normal- 
quantities of DNA and hence their weight— to— DJIA ratios are reduced#.. Only cell 
size was affected# '' Ref eediny resulted in complete correction of these ratios 
' and. recovery of normal size in ailooggans except thymus# 

The lymphoid organs demonstrated reduced DNA values at the end of the 
period of caloric restriction ii all groups# During refeeding* the failure ox 
DNA synthesis in the spleen in groups I and IX persisted* whereas in group III 
complete recovery occurred# 

The results indicate that caloric instruction prevents the expected in- 
crease in weight* total protein* and DNA in all groups of animals regardless 
of the time of onset of the malnutrition# The lack of vjeight gain then* is 
due hot to the state of hydration but to the curtailment of normal increases 
in c yt op la s mic constituents# DNA* however* is affected by malnutrition only 
before it has ceased to increase * It is the interference wxtn cell davusxon* 
therefore* which- is time -dependent# There is no recovery after refeeding 
only in those organs whore cell division has been curtailed# Thus caloric res- 
triction results in curtailment of normal growth no matter when its onset but 
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this effect is reversible by re foe ding as long as cell aavisaon nas not# been 
affected. 









Unfortunately* similar data is not available in human malnutrition. Dr. 
Winick does suggest* however* that clinical evidence indicates recovery in the 
human to be comparably time-dependent/ Until such time as clear evidence is 
available relative to the effects of dietary restriction on human growth* and 
consequent incumbe ranee of optimal adoptive behavioral p o terns* it will be 
quite difficult to advocate nutritional intervention on the basis of general 
social benefits. The competence and clearity of his work* however * suggests 
the demonstration of this evidence to be close at hand* 
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’.Jii'iickj Hyr on, and Rosso, Pedro ^ :: :'ocd Cdrcunfereiico and C oilman Grov.’un ox 

the Bra m" in Norsial and darasnic Children" The Journal oP Pediatrics . Vol. 7a, 

p. 774-773, Hay, 1969. 
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The author directs his attention in this article to a demons oration ox 
data indicating, that increases in head circumference ^urately reflect or- in 
growth during the first year of life® 

During severe malnutrition ene norma a raue ox increase in re^cx cia-cu*..— 
ference is reduced® Sim.riurxy* there xs a curtailment in une normax incxca—o 
in brain weighr* protein * and DxiA consent® The reducea circumference io dii — 
cctly pr op o r tie nal to the reduced brain v;cxghu and protein cGnoont* DKh© convene 
is reduced ao least as much as* and an most cases more than* head circumference® 
Thr x * the degree of reduction in no ad. c ii* c u mi e r e n c e in children mainour isnec* 
during the first year of life is an indication of the severity of this nutrition- 
al deprivation on .actual cellular growth of brain® 

The data in this study demonstrate that during the first year of post- 
natal life* measurement of head circumference is a useful clinical tool* since 
it accurately reflects cellular growth patterns in the brains of normal arid 
malnourished infants# 



Dr# Winick* .in his easily read fashion, suggests there to be relatively 
little increase in the number of brain cells* DNA content* and xn head circum— ^ 
ference after six months of age® Curtailing malnutrition prior to six -months 
ox age* or at any timo during the first year* appears to inhibxu braxn pot- 
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I'iicoier, Raymond K* ' “The Challenge of Ohiicreiv* . ^ ^ _____ 

^Sn t No. FD. OiU 3b'S>, October 1*6?. 

During the past twenty years, thousands of Negro farm laborers in Mississippi 
have been displaced by advanced technological changes in the field of agricul- 
ture. Many of these people live in extremely poor housing, exist on vitamin 
deficient diets, and are surrounded by a sea of filth and deorua. D^e— e - u ** s 
rampart among the children because their undernourished bodies have lew re- 
sistance, and medical services are not readily available. Although two federal 
food programs are provided, there are many instances where neither of the 
program is adequate. For these children who suffer malnutrition in early child- 
hood, there is. little chance of normal mental and physical development. Tncy 
are denied the hops' of developing their human potential for competing in the 
complex and demanding society in which they must live. It should be remembered, 
too, that the conditions of the poverty-stricken people of Mississippi are not 
limited to that state, but exist in many other areas throughout the United States, 
and while the federal government is capable of solving these problems, it will 
fail to do so until the prevailing. political resistance is overcome. 



The evidence is beginning to make Dr. Wheeler*, s- statement appear to be a 
grows understatement.. The possibility that generations after generations 01 
Black Americans have been denied optimal innate potential development 
suggested strongly by the research on undernutrition as well as suen classic 
and controversial reports as that published by Dr. Jensen of the University oi 

California. 
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'’Essentially what is proposed hero is a testable hypothesis: That a 

possible mechanism for a lergo component of mental reoardation in ^rooein - 
malnourished infants and young children is the result of nutritionally induced 
enzymatic deficiences in bictidiva, phenylalanine, and possibly 5-hydroxytryp- 
tophan metabolism* That the type of mental retardation expected would have 

clinical features of histidinemis and phenyllcotonuria* Thu w children bom to 
protein— malnourished mothers would have a mental defect quantitatively ano. 
qualitatively different from the child who had only postweanmg protein mal- 
nutrition. That if the histidine blech is sufficiently severe these children 
would che expected to exhibit short auditory memory span which would induce a 
'specific type of learning disaoility. if it is found that protein malnutrition 
does have features of nVctidinemia with short auditory-memory span, then it has 
. far-reaching implications on teaching' methods in protein-deprived coreas.' 1 
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author has given scholarly consideration to the genetic regulation of 
protein synthesis and gene control of biochemical pathways* His reference to 
changes in teaching methods for youngsters with an onsymatic problem exposes a 
brief glimpse of an area many of us realise we have* on occasion* i.ac^d blindly 
is the classroom* Hopefully the future will provide us with many more articles 
of this nature « Particularly those relating biochemical difficulties to learning 
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Pregnant Psraguo-Davjlcy rata wore Ted a control diet containing 2U;5 casein 
or an experimental diet containing 6 >j casern* V/atcr diuresis* osmou o,c diuresis * 
and inulin clearance were determined in control and deficient young* Paraffin 
sections through the hilus of kidneys or 7~<day old littcrmatcs were s 'sained with 
he. .toxylin and phloxine B or with ale i an blue~PAS» In those sections, total 
glomeruli and immature glomeruli wore counted* The proportion of cross -sections 
cf proximal convoluted tubules per glomerulus was aotonnineu . s was toe towal 
cross section area as an indication of also* The young cd dams fed a protein 
deficient diet during pregnancy have altered kidney function postnatal : y with 
marked reduction in glomerular filtration rate and depressed urine excretion 
during both -water diuresis and osmotic diuresis* They showed fewer glomeruli 
and more immature glomeruli* The area of connective tissue between the proximal 
convoluted tubules and medullary tissue* It is suggested that alterations in 
kidney function may.be related to the findings ox fewer and more immature 
glomeruli* but may also be attributable to extra -renal factors * 
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